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CRC CARE is a partnership of organisations dedicated to 
developing new ways of dealing with and preventing contamination 
of soil, water and air including solid and liquid waste management.

Our aim is to focus australia’s foremost expertise and resources on this 
issue and to develop close links with research partners at the cutting edge 
in this field around the world.

Our goals
■  SolutionS foR induStRy

To develop cost-effective and commercially sustainable solutions and technologies 

within regulatory and policy frameworks for the identification and remediation of 

contamination problems of key importance to australia and the asia-Pacific region

■  HigH quAlity RESEARCH 

To deliver research quality that positions CRC CaRe as a national centre of 

excellence with international standing and reputation, ensuring our outcomes 

are recognised and utilised globally

■  dEvElop tHE buSinESS

To lead the development of a new export industry in environmental 

risk assessment and remediation through the delivery of solutions 

and technologies, and support their implementation with training 

programs that develop and improve the environmental 

management skills of the industry’s labour force

■  dElivER publiC bEnEfitS

To ensure the effective adoption of our solutions and 

technologies, leading to health, environmental and economic 

benefits to the Australian public through reduced exposure 

to toxic contaminants and improved amenity of our cities 

as a result of cost-effective remediation/management of 

urban land

■  CApACity building

Through university and short-term training, 

educate a generation of researchers and 

practitioners highly skilled at solving and 

preventing the problems of contamination, 

soild and liquid waste management and create 

employment opportunities in the industry for 

these specialists.
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2 Chairman’s Report

Chairman’s Report

CRC CARE has completed its 
fourth year on a rising tide of 
achievement and outcomes, 
both scientific and commercial. 
The Board is pleased to note 
a steady flow of patentable 
technologies, international and 
technical publications, well 
trained young scientists and 
healthy partnerships which 
testify to the quality of the work 
being performed at the core of 
the Centre.

A particularly pleasing feature of 
the year were the findings of the independent Third Year Review, 
required by the Commonwealth, which concluded the Centre is 
both in good shape and should seek an extension for a further 
eight years. Such comments are not made – nor earned – 
lightly, and are confirmation of the way the CRC has successfully 
surmounted the various challenges it faced in its early years 
to develop a focused scientific effort which is recognised by 
industry and by independent assessment as being of genuine 
value and importance. 

The Review also contained a number of specific comments 
and suggestions for the running of CRC CARE, to which the 
Board and Managing Director have responded positively. The 
Board itself was judged to be strong, independent and industry-
focused. Overall the CRC’s management approach was judged 
to be ‘working admirably’ and the appointment of a General 
Manager to have addressed areas of potential concern. It found 
our fiscal management was working satisfactorily but could be 
simpler and with less red tape, and our procedures for resource 
allocation, contingency planning and review were ‘excellent’. 
Our current market-driven approach to commercialisation 
was considered appropriate. The Reviewers were particularly 
complimentary of the CRC’s unique National Contaminated 
Sites Demonstration Program and its China collaboration.

Therefore, on behalf of the Board, I wish to commend Managing 
Director Professor Ravi Naidu and his highly motivated and 
dedicated team of scientists, managers and staff for building 
the CRC into what the independent review acknowledges as an 
international centre of excellence in making this a safer, cleaner 
and more productive world.

Paul J. Perkins, AM
Chairman, CRC CARE Board
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Managing Director’s Report

Managing Director’s Report 
In our fourth year 
of operations CRC 
CARE has delivered 
scientific outcomes 
of material value to 
a cleaner, healthier 
Australia, further 
strengthened 
our partnerships 
with industry, 
government 
and overseas 
institutions, 
registered new 
patents and 

exceeded most of our targets.

A high point was the DIISR Third Year Review 
which concluded that CRC CARE has developed 
into a centre of international excellence, and 
recommended we should seek an extension of up 
to eight years after our present seven-year term 
concludes in order to maximise the benefits of 
CRC CARE outcomes to the Australian remediation 
industry and regulators. With the excellent support 
of our current partners, we initiated the process for 
preparing an extension bid which involves extensive 
consultation with end users. 

At June 2009 the CRC was well on track to achieve 
its goals and associated milestones over its seven-
year term, and had already lodged four provisional 
patents. In 2008-09 we developed novel clean-
up tools and technology which can help industry 
and government save millions of dollars, achieved 
several important scientific advances and published 
over 60 scientific journal articles. We have trained 
or are currently training 58 PhD students and over 
1200 people from industry have attended courses. 

1. MAIN AchIeveMeNts ANd ActIvItIes

Amongst notable scientific progress and 
achievements in 2008-09, CRC researchers have:

■	 developed a commercial field test kit and 
two methods of cleaning up the fluorinated 
surfactant compounds (PFOS) which form 
the basis of fire retardants commonly used by 
military and civilian authorities around the world

■	 taken out a provisional patent on an ultra-
sensitive technique for detecting and tracking 
very low levels of the toxic metals lead and 
cadmium in water, so opening the way to 
increased water recycling and re-use

■	 applied for a provisional patent on a new 
solar-powered nanophotocatalyst, and another 
on modified clay sorbents for remediating 
contaminated soil and wastewater. An 
international patent was also applied for 
regarding anionic surfactant detection 

■	 discovered a remarkable group of Australian 
microbes capable of breaking down some of 
the worst contaminants in the modern urban 
environment – benzene, toluene, ethyl-benzene 
and xylene (aka BTEX) – many of which 
derive from fuel leaks and are known to cause 
cancers and nerve damage

■	 announced the discovery of another microbe 
capable of neutralising contamination by 
arsenic from old agricultural, mining and mineral 
processing sites

■	 demonstrated using scientific evidence 
that natural breakdown (or ‘attenuation’) of 
contaminants under Australian environmental 
conditions may be the most efficient way to 
remove lingering traces of organic pollution and 
stop potentially cancer-causing substances 
getting into water supplies

■	 designed a novel permeable reactive barrier 
system for removing persistent organic 
pollutants (POPs) from groundwater in situ

■	 reported on residue levels of arsenic, 
lead, cadmium, DDT and other industrial 
contaminants in vegetables home grown in 
Australian back gardens

■	 participated in a global review of the world’s 
worst case of arsenic poisoning, affecting 
Bangladesh and the state of West Bengal, India

■	 made further progress in understanding how to 
synthesise fertile soils and other useful and safe 
by-products from industrial waste streams

■	 made significant progress in developing novel, 
low cost systems for purifying indoor air of 
dangerous organic pollutants, and

■	 developed civil defence plans for dealing with 
severe indoor air contamination events in large 
public buildings.
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Other notable events during the year included:

■	 CRC CARE co-sponsored the Australian Land and 
Groundwater Association session on land remediation 
during Ecoforum 2009. In an exhibition the CRC also 
featured its China program, two new water treatment 
technologies, our new legal resources website and the 
first public display of all the CRC’s completed technical 
documents to date.

■	 We continued the organisation of CleanUp 09, a major 
event to be held in late September 2009, featuring the 3rd 
International Contaminated Site Remediation Conference 
and the 5th International Workshop on Chemical 
Bioavailability in the Environment. 

■	 We highlighted the importance of a national approach 
to cleaning up hydrocarbon contamination in soil and 
groundwater in opinion editorial articles in national and 
industry media and on the internet.

■	 The CRC moved into a $19m building dedicated to research 
in contamination assessment and remediation on the 
Mawson Lakes campus of the University of SA which will 
house CRC CARE and related research groups. 

■	 A special international journal issue on ‘Arsenic exposure 
pathway - a critical analysis of groundwater to human 
transfer of arsenic’ was edited.

In addition, the CRC has made its first Technical Reports freely 
available as pdfs via its website, and has developed a schedule 
for printing and distribution.

third Year Review

The independent Third Year Review of CRC CARE 
commissioned by the Department of Innovation Industry 
Science and Research (DIISR) found the CRC ‘has developed 
into a Centre of international excellence in the area of 
contamination assessment and remediation, with extensive local 
and international links to academic institutions, government and 
industry’.

CRC CARE’s success, as gauged from how it is perceived by 
its core participants, the broader consultancy and remediation 
industry and its perception by the international research 
community, was assessed by the reviewers to be ‘very good’. 
In particular they commended our outreach efforts and 
international conferences, ‘an impressive number of technical 
papers in international and national journals’ and said ‘The 
research programs are led by world renowned scientists, 
supported by dedicated research associates and postgraduate 
students’. Our postgraduate training program was rated as 
excellent.

The reviewers also commented that while the CRC is strongly 
driven by commercial outcomes, its contribution to public 
good science will be its strongest legacy. It noted that key 
contracted milestones, including commercialised products, have 
long lead times and that the CRC was only half-way through 
its term. They highlighted the National Contaminated Sites 

Demonstration Program as a ‘unique attribute’ of CRC CARE, 
adding they were strongly supported by industry.

The review made 13 recommendations, including improving 
some external processes with DIISR, reducing internal red tape, 
development of a protocol for collaborating with other CRCs, 
commissioning a second economic impact assessment, finding 
a better way to measure scientific impact, and establishing 
a national demonstration site and a strategic plan for the 
engagement with China. CRC CARE has responded positively 
to all these suggestions.

Overseas partners

CRC CARE’s relationship with China is emerging as one of our 
most significant and fruitful alliances both in terms of opening 
up fresh areas of research activity of great promise with leading 
overseas research institutions, and in the training of young 
scientists. 

We have initiated three large collaborative research projects on 
(i) production of energy crops on highly contaminated/degraded 
land, (ii) rehabilitation of land contaminated with red mud from 
bauxite processing and (iii) a very exciting project on renewable 
energy extraction from specialised energy crops grown in 
degraded soils which are unsuitable for other purposes. Seven 
Chinese PhD students have been engaged in these projects to 
date.

The depth of the collaboration with China is an unusual feature 
of this CRC, with a field of prodigious possibilities for our 
science. Chinese authorities estimate that one tenth of their 
nation’s farm land is seriously affected by contamination and half 
of their cities suffer from contaminated groundwater. We recently 
held a workshop in China on producing clean energy from the 
waste of the nation’s 1.8 million piggeries, which currently poses 
a significant contamination risk.

National demonstration sites

The National Contaminated Sites Demonstration Program set 
up by CRC CARE to demonstrate to industry, regulators and the 
public that effective clean-up is both possible and cost-effective 
with the latest methods continues to grow. Five sites are now 
operational with a further two in development.

Program highlights in 2008-09 were:

■	 scientific evidence supporting that ‘natural attenuation’ – the 
low-cost use of naturally occurring soil and water microbes 
to break down hydrocarbon pollution – works in Australian 
environments

■	 the world’s largest acid sulfate soils experiment 
demonstrating how their impact can be mitigated in a 
coastal wetland

■	 a novel patented method to break down the toxic residues 
of fire-fighting foams that have been used globally for 
decades
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■	 proof that many contaminants can be 
immobilised and managed on site, providing  a 
safe and cost-effective strategy for dealing with 
the problem

■	 low cost and highly reactive material for the 
remediation of contaminated groundwater.

The demonstration sites are being used to test and 
validate technologies, and to show specialists from 
industry and government how the new approaches 
work – and how much cheaper and more effective 
they can be compared with traditional methods.  
Coupled with these field activities CRC CARE is 
also collaborating with regulators and industry to 
assist them develop policies on health screening 
levels and remediation guidance documents for a 
number of contaminants.

Industry links

The CRC’s Australian Remediation Industry Cluster 
(ARIC) continued to develop well during the year, 
with the groundwork laid for its new user-friendly 
website as a major new information exchange 
tool for industry research users and stakeholders. 
ARIC’s new on-line magazine Remediation 
Australasia was also created, and the first issue 
drafted ready for CleanUp 09. 

ARIC is currently overseen by an implementation 
committee comprising representatives from several 
industry sectors. 

2.  RIsks, OppORtuNItIes ANd 
 RespONses

I am pleased to report that 2008-09 has been 
much smoother in terms of partnering and 
participation in the CRC and all of the existing 
partners continue to be keenly involved. During 
the year we were pleased to develop partnerships 
with BHP Billiton (Iron Ore Division), Chevron Oil 
and James Cook University, greatly expanding the 
scope of our research and demonstration activities. 

Among key staff moves during the year Dr 
Prashant Srivastava was appointed coordinator 
of the Australian Institute of Petroleum Program, 
Andrew Graham was appointed coordinator of the 
BHP Billiton Iron Ore Program, and Sreenivasulu 
Chadalavada coordinator of the CRC’s Defence 
Program. Natalie Forde was appointed 
Commercialisation Manager and Meredith Loxton 
was appointed to assist with our rapidly growing 
publications program.

Difficulties in attracting suitable PhD candidates 
mentioned in earlier annual reports have now 
largely been overcome and the program is running 
strongly. 

3.  IMpedIMeNts tO AchIeveMeNt 
 Of the cRc’s ObjectIves ANd 

stRAtegIes tO AddRess these

As reported in last year’s annual report, the loss of 
core partners early in the life of the CRC presented 
a major financial challenge for management. We 
can now report that this shortfall has been met 
through the recruitment of new partners, by new 
commitments from existing partners, and from 
other sources.

The Third Year Review conducted early in 2009 
examined all aspects of the CRC’s performance 
so far, including any perceived impediments to 
the achievement of original objectives. These 
matters and the CRC’s responses are summarised 
in this report in the section ‘Context and major 
developments during the year’ (pp.10-13).

4.  AwARds, specIAl cOMMeNdAtIONs, 
cRc hIghlIghts

A number of conferences requested keynote and 
invited papers from CRC staff, including:

■ N. Bolan, ‘Solute interactions in soils in 
relation to bioavailability and remediation of 
the environment’, at the 5th International 
Symposium of Interactions of Soil Minerals with 
Organic Components and Microorganisms, in 
Chile in November 2008

■  R. Naidu, ‘Contaminant fate, dynamics and 
bioavailability: biochemical and molecular 
mechanism at the soil-root interface’, at the 
5th International Symposium of Interactions of 
Soil Minerals with Organic Components and 
Microorganisms, in Chile in November 2008.

 
A fuller list of keynote and invited papers appears at 
the end of this report.

Other highlights for the year included:

■	 Program Leader Enzo Lombi was elected 
Vice-President of the International Society 
for Trace Element Biogeochemistry, and 
appointed Technical Editor for the Journal of 
Environmental Quality 
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■	 Program Leader Roel Plant was a guest researcher at 
Deltares/TNO in Holland and invited to join a Deltares/
TNO task force on ecosystem services for land and water 
management

■	 Two further Australian Provisional Patent Applications, and 
an International Patent Application, were submitted during 
the year 

■	 The CRC’s Managing Director continued in the Chair of 
IUSSS Congress Commission 3.5 on Soil Degradation, 
Remediation and Reclamation.

training

■	 CRC CARE is currently training 50 PhD and 16 Honours 
students in Australia, plus eight PhD and six Masters 
students in China

■	 Two PhD students received their degrees during the year 
and five more submitted theses 

■	 During the year 500 industry representatives attended nine 
workshops organised by the CRC or in which the CRC had 
a major training role.

 
consultancies

■	 The Managing Director is part of a BHP Billiton technical 
steering committee and Senior Technical Advisor on 
Environment to the Department of Defence

■	 The Managing Director was engaged by ACIAR to assist 
with a project on arsenic transfer in soils and groundwater in 
Bangladesh.

The CRC feels its annual report to the Commonwealth is also 
an opportunity to provide a more comprehensive overview of its 
research for industry stakeholders and a range of non-scientific 
readers. Accordingly, a new initiative for this year’s annual report 
is a ‘plain English’ summary of all the CRC’s research projects, 
presented as a preface to the Research Program sections. 
Hopefully this material will make our research and the reasons 
for it more accessible to non-scientists, journalists, public 
agency decision makers and the general public.

In conclusion

At the end of our fourth year there is a genuine sense of 
progress and achievement at CRC CARE on all fronts – 
scientific, commercial, educational and outreach. I wish 
to express my sincere personal thanks to our dedicated, 
enthusiastic and highly talented team who are all helping to 
make Australia a cleaner, safer and healthier country.

Ravi Naidu
Managing Director
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Section Heading

Context and major developments 
during the year
the cRc’s industry context

The CRC industry base embraces a wide range 
of companies, consultants and public agencies 
involved in the technical aspects of site and 
environmental assessment, remediation, treatment 
and monitoring, as well as policy matters dealing 
with public health standards, environmental 
condition and government regulations.
 
Despite the global financial crisis that unfolded in 
2008-09, the CRC’s extensive engagement with its 
stakeholder base remained stable. While we might 
have expected industry’s commitment to training 
and conferences to decline, in reality the effects 
on CRC business appear to have been marginal. 
Indeed, commitment and interest from the CRC’s 
major partners increased and new organisations 
sought to become partners or collaborators. In 
particular the CRC opened a new stakeholder 
front in the area of legal issues and policy with 
its new website in this field, and received strong 
and supportive feedback from consultants and 
government. In addition the CRC expanded its 
interests to take on new partners in the Australian 
mining sector.

A brief outline of the value of outcomes to 
date as compared to expectations

In July 2009 the CRC wrote to Dr Peter Jonson, 
Chair of DIISR’s CRC Committee, with a brief 
account of the economic impact assessment 
conducted by RMDSTEM Pty Ltd (previously 
supplied to DIISR in full) which estimated the value 
of research outcomes to date. In addition the CRC 
reported that the estimated ‘Future Opportunity’ 
of CRC CARE’s output, based on a review of four 
projects (out of a total of 56), was $248 million per 
annum. That assessment augurs well for a total 
value return that will reach the initial bid expectation 
of between $500 and $1800 million per annum. 
However, it should be noted that as a result of the 
recent review of Commonwealth milestones, it 

is expected that not all of the original milestones 
focusing on full commercialisation of technologies 
developed by CRC CARE will be met. A Variation to 
this effect was submitted to the Commonwealth in 
June 2009.

The CRC does not anticipate any impediments 
to achieving its outcomes as set out in the Deed 
of Variation. Its strategy to maximise the value of 
outcomes in its remaining years centres on the 
regular review of research quality and effective, 
efficient delivery of applied research results to 
industry and other stakeholders. 

The CRC is conscious that technologies developed 
in some research projects will have reached 
proof-of-concept stage by the end of the CRC’s 
first term, and therefore contingency plans must 
be in place to transfer these technologies into an 
extension of the CRC, or into some alternative 
funding model.

In response to the recommendations of the Third 
Year Review independent panel, the CRC advised 
DIISR that a more thorough economic impact 
assessment will be carried out, enabling the CRC 
to provide a more comprehensive value forecast 
based on current activities and research outcomes. 

To acieve this CRC CARE is including economic 
impact assessment in its core project assessment 
and management processes. This is being 
progressed via collaboration with RMDSTEM in 
which existing ‘impact assessment’ software is 
being modified to suit the reality of a CRC delivering 
innovation to existing specialised end-users. 
The first analysis was carried out for the CRC’s 
new Anionic Surfactant Test Kit, and indicated 
a significant economic return. Should the early 
indications of its market potential be realised this 
kit will return several millions of dollars of economic 
benefit per year in Australia, and significantly more 
in a global market.

Context &Developments
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CRC CARE’s goals and outcomes are summarised in the following table. A non-monetary assessment of progress to date is 
presented.

Table 1. CRC CARE’s progress against planned outcomes and goals

Goal
Planned outcomes (CRC 
began July 2005)

Progress (at June 2009) against 
planned outcomes

a)  Assessing
     contamination risks
     in land, groundwater
     and air

1)  Reliable and acceptable
     techniques and technologies    
     to quantify the risk  
     associated with  
     contamination in soil, 
     groundwater, surface water  
     and air

A new assay kit for assessment of 
contamination by fire-fighting foam.

New chemical sensors and software for 
the detection of inorganic contaminants 
in complex environmental matrices.

New publications and guidelines for 
managing pollution by hydrocarbons.

Research was completed on analytical 
methods to measure organometallic 
contaminants on air-borne particles 
from alumina refineries.

b)  Managing and/or
     remediating     
     contamination

2)  Cost-effective and 
     sustainable solutions and 
     technologies for
     contamination problems of 
     key importance to Australia 
     and the Asia-Pacific region

Techniques have been developed for 
phytoremediation of a landfill site.

A guidance document has been 
developed to manage sites 
contaminated by light non-aqueous 
phase liquids (LNAPLs), such as 
gasoline and diesel.

A technique has been developed and 
demonstrated for the remediation of 
acid sulfate soils.

New types of nanocatalysts have been 
prepared in the laboratory able to break 
down volatile organic contaminants.

c)  Developing safe  
     options for land use 
     and the reuse of   
     wastes on land

3)  Technologies for preventing  
     land and water  
     contamination

Better understanding of contaminant-
nutrient interactions is delivering new 
and more economic options for waste 
management that prevent environmental 
impact. Initial results are showing that 
both inorganic and organic wastes can 
be used effectively to remove metals 
from wastewaters. This opens new 
possibilities for the reuse of wastes on 
land while avoiding new contamination.

A guidance document has been 
prepared that outlines principles for the 
selection of plants (including grasses) for 
use in the revegetation and stabilisation 
of metal-contaminated land, which will 
be valuable in preventing leaching and 
further transport of contaminants. The 
guide will have particular value for the 
mining industry. 

Research has shown that used foundry 
sands, produced in large amounts in 
Australia and previously seen as waste, 
appear to be a valuable resource.
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Context & Developments

Goal
Planned outcomes (CRC 
began July 2005)

Progress (at June 2009) against 
planned outcomes

d)  Developing solutions
     that are acceptable  
     to regulatory 
     agencies and the 
     public

4)   Adoption of evidence-
      based solutions by 
      regulatory agencies, with a   
      high level of public  
      acceptance and confidence 
      in these solutions and 
     improved public health and   
      safety

The CRC is a major contributor 
to the National Environmental 
Protection Measure (NEPM) review 
processes. Recommendations on site 
characterisation (Technical Report 
no.11) and health screening levels 
(Technical Report no.10) have been 
delivered to the National Environmental 
Protection Council for their 
consideration.

e)   Capacity building 5)   Capacity building and 
      enhanced skill base within 
      Australia

Through a program of 50 PhD students 
in Australia, and with 1200 professionals 
having attended CRC CARE training 
workshops so far, the CRC is making 
a major contribution to scientific and 
technical skill building in its field. 

The CRC’s Australian Remediation 
Industry Cluster (ARIC) is also gaining 
momentum as a unique national 
association and mechanism for the 
exchange of technical ideas, information 
and solutions amongst SMEs and other 
end-users.

A new website that brings together 
important regulatory information across 
jurisdictions was built and launched. 
This will enhance the capacity of 
consultants to manage the legal 
complexities surrounding contamination 
and remediation.
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ActIONs uNdeRtAkeN IN RelAtION tO INteRNAl ANd/OR exteRNAl RevIews

As a 2004-round CRC, CRC CARE underwent a formal Third Year Review in January 2009. The following table sets out the 
recommendations of the Review, and the actions undertaken by the CRC in response.

Table 2. Response to the Third Year Review

Recommendation Implemented 

(Y or N)

Reasons 
why not 
implemented

Strategies to implement

1.  It is imperative to ensure that      
     CEO is adequately supported 
     and encouraged to delegate  
     (Section 5.3).

Y General Manager (a) 
supports the CEO by 
overseeing day to day 
running of the CRC
Three demonstration (b) 
coordinators 
(appointments made 
during October 2008 to 
February 2009) to assist 
the CEO coordinate 
and manage major 
demonstration projects 
Coordinator to manage (c) 
the operations of the 
Australian Remediation 
Industry Cluster (ARIC), 
and
China Program (d) 
Coordinator appointed 
to assist the CEO in 
continuing CRC’s vision 
to further build the China 
program.

2.  While internally change-  
     management processes and   
     flow between the CEO, 
     Board and program Directors  
     was effective there was room 
     for improvement in external 
     processes mainly with DIISR. 
     The CRC needs to be “bolder”  
     in its dialogue to ensure that 
     changes, where warranted, are 
     effected rapidly and not caught 
     up in a lengthy and iterative 
     bureaucratic process (S5.3).

Y - ongoing The CRC noted the 
recommendation that it 
pursue process with DIISR 
more robustly. The Chair and 
CEO met with the General 
Manager CRC Program to 
discuss issues raised during 
the review which resulted 
in each party having an 
improved perspective on 
each other’s business and 
operational needs.
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Recommendation Implemented 

(Y or N)

Reasons 
why not 
implemented

Strategies to implement

3.  While the optimisation of    
     management from a variety of  
     sources was considered a 
     clear strength, a protocol 
     to review unnecessary   
     bureaucracy and “cut red 
     tape” was considered to be 
     warranted, to kill off redundant 
     procedures and unnecessary 
     levels of review (S5.3).

Y - ongoing Clarification from the panel 
and Program/Project Leaders 
has been sought as there 
had been no complaints 
made directly to CRC CARE 
management. A number of 
minor issues were identified 
and these processes have 
been streamlined.

4.  The Panel recommends that 
     a clear protocol be developed 
     to ensure both technical and 
     administrative collaborations 
     are achieved between CRC 
     CARE and other CRCs, 
     such as through co-authoring 
     of technical papers, and 
     perhaps through the 
     attendance of key CRC staff at 
     other CRC Management 
     meetings (S5.4).

Y - ongoing From a management 
perspective the General 
Manager and Business 
Manager attend the CRC 
Association conference 
and Business Managers 
meetings where issues and 
operational processes are 
discussed and solutions 
shared. In addition to this, 
management has regularly 
visited or had visits from 
managers from a number of 
CRCs where collaboration 
has been identified. An 
example is the development 
of improvements to the IMAP 
project management software 
with the Plant Biosecurity 
CRC, saving both entities 
considerable money.

The CRC will continue to seek 
collaborative opportunities 
with other CRCs where 
mutual benefits can be 
identified.
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Recommendation Implemented 

(Y or N)

Reasons 
why not 
implemented

Strategies to implement

5.  It is understood CRC CARE 
     is planning to complete  
     a further economic impact 
     assessment in the near future, 
     to supplement the RMDSTEM 
     qualitative report.  It is further 
     understood that the CRC is 
     planning to utilise the DIISR’s 
     new CRC financial assessment 
     tools and the Panel firmly 
     supports this supplementary 
     third-party fiscal assessment 
     (S5.5.7).

Y - ongoing The Economic Impact 
Assessment (EIA) conducted 
by the CRC did not deliver 
sufficient information to 
provide a comprehensive 
assessment of the economic 
impact of CRC CARE. 
Information was limited by 
the fact that a number of 
projects had delayed starts, 
and hence when reviewed 
had only been in operation for 
a short period.  The CRC is in 
the process of implementing 
impact assessment of 
projects as a core component 
of project approval and 
management through the 
use of the “PerspectiveTM” 
software. The CRC will 
conduct a full EIA in year 
5 of its operation utilising 
DIISR’s new CRC financial 
assessment tools.

6.  The Panel believes that 
     Program Leaders should 
     be provided with guidance 
     and training in terms of the 
     ability to provide defensible 
     variation requests to the CRC 
     Management for subsequent 
     consideration, if warranted, by 
     the Commonwealth (S5.5.7).

Y - ongoing The CRC noted the 
observation that Program 
Leaders tend to perceive little 
opportunity to depart from 
the original contract with the 
Commonwealth, and has 
worked with Program Leaders 
resulting in comprehensive 
review of milestones that 
formed part of CARE’s recent 
variation request to the 
Commonwealth.

7.  The Panel recommends that a 
     more detailed quantitative 
     study be carried out each 
     year or so and to follow the 
     CRCA model with a much 
     greater sample, risk   
     adjustment and attribution  
     (S5.5.7).

Y - ongoing The CRC accepts the 
recommendation and will 
utilise the PerspectiveTM 
software and the CRCA 
model to carry out a more 
detailed impact assessment 
study annually.
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Context & Developments

Recommendation Implemented 

(Y or N)

Reasons 
why not 
implemented

Strategies to implement

8.  The Panel recommends that 
     the CRC CARE Board 
     undertake a specific 
     succession planning event 
     for all of the CRC’s resources, 
     with special emphasis on the 
     succession plan for the CEO 
     (S5.5.7).

Y - ongoing The Board has implemented 
a succession plan covering 
the roles of CEO, General 
Manager and Program 
Leaders and is satisfied that 
the risks posed by the loss of 
key personnel is covered by 
this plan.  

9.  A more detailed metric of the 
     scientific performance of CRC 
     CARE is warranted to enable 
     a more objective measure of 
     this performance (S5.9).

Y - ongoing The CRC is willing to adopt 
a measure of some type 
that gives some meaningful 
information in this regard.  
The Hirsch index provides 
a measure of citations 
exceeding 25 per scientific 
publications and, while this 
is excellent for publications 
older than 10 years, it may 
not be effective for papers 
published during the past 
three years. 

The CRC is exploring the 
ARC’s ERA system, which is 
not yet complete, and other 
national and international 
indexes of journal impact.

10. CRC CARE’s demonstration 
     projects were recommended  
     by industry and key CRC 
     CARE Stakeholders to be 
     supported and continued 
     (S6.6).

Y - ongoing The CRC acknowledges 
the recommendation which 
supports continuation of the 
demonstration projects and 
has illustrated its continued 
commitment to such projects 
with its new partnership and 
project portfolio with BHP 
Billiton Iron Ore.
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National Research Priorities

Australia’s National Research Priorities were announced by the 
Prime Minister in late 2002. These priorities provide a vision of 
where research can contribute to Australia’s future prosperity 
and well being, and help to align the national research effort 
in key areas. CRC CARE research and goals address each 
of the National Research Priorities. They are mapped against 
the priorities in Table 3 and a number of highlights are outlined 
below:

NAtIONAl ReseARch pRIORItY gOAl hIghlIghts

1.  An environmentally sustainable Australia

CRC CARE develops new, cost-effective and safe ways 
to detect, assess and remediate contamination of urban, 
rural or industrial sites, enabling the sustainable use of land 
(particularly otherwise high value urban land). It will contribute 
to the protection of water quality and safety and the natural 
environment.

CRC CARE has initiated, through funded research projects and 
its National Contaminated Sites Demonstration Program, new 
and safe ways to detect and monitor chemicals at contaminated 
sites. The CRC has initiated several projects that examine
new methods of assessment and remediation of contaminated 
rural and urban sites.

2.  promoting and Maintaining good health

The outcomes from CRC CARE help reduce the toxicity burden 
for Australians caused by chronic exposure to contaminants in 
soil, water, dust and through the food chain. This will indirectly 
assist in minimising genetic diseases and cancers that have 
been linked to such contaminants. 

CRC CARE is pioneering new technologies for the remediation 
of toxic substances in air, soil and water. The removal of 
toxic substances (for example via bioremediation) or their 
immobilisation to make them harmless, continue to be a 
focus of research for the CRC. CRC CARE research projects 
are focusing on the removal of toxic substances including 
petroleum hydrocarbons, chlorinated hydrocarbons, AFFF and 
asbestos; and heavy metals such as arsenic (As), cadmium 
(Cd), chromium (CrVI), copper (Cu), lead (Pb) and mercury (Hg). 
Remediation technologies developed by CRC CARE and used 
to clean up the environment reduce human exposure to toxic 
substances.

3.  frontier technologies for building and transforming 
Australian Industries

CRC CARE pioneers advanced technologies, information use 
and methods for environmental risk assessment and clean-up. 
The market for remediation services and technologies is truly 
global and an advanced Australian industry will offer significant 
export opportunities.

The CRC is one of very few research organisations able to 
deliver a complete package for the assessment, prevention 
and remediation of contaminants in the environment. To 
this end it has initiated several projects that aim to deliver 
frontier technologies and real-time monitoring tools for site 
characterisation, risk assessment and remediation. Several 
projects have already developed suitable products that are now 
in the final stages of the provisional patent process. 

In addition, CRC CARE continues to build the Australian 
Remediation Industry Cluster (ARIC) to provide a platform for 
communicating relevant developments and technologies relating 
to environmental risk assessment and clean-up. ARIC’s goal 
is to help build Australia’s remediation industry into a global 
technology leader and major exporter of clean-up expertise and 
skills. It will also provide a forum for Australia’s environmental 
industries to identify opportunities, review developments and 
help focus future research. 

4. safeguarding Australia

By developing sensor tools that have the capacity to detect ultra 
low levels of toxic material, the CRC helps protect Australia’s 
investment in infrastructure and the nation’s health by providing 
new ways for defence forces, the police, emergency and 
health services to protect the community against the deliberate 
or accidental release of biological, chemical or radioactive 
contaminants by terrorists or other hostile agents.

CRC CARE has initiated projects in partnership with the 
National Security Science & Technology Unit, Office of Prime 
Minister & Cabinet, and received partial funding under their 
Research Support for Counter-Terrorism Program. The project 
focus includes toxic plume dispersion; real-time detection 
and predictive modelling of chemicals, especially in the built 
environment; chemical dispersion within buildings; adaptation 
of current sensors to enable the real time detection of a range 
of toxic chemicals; and the integration of chemical/biochemical 
detection systems to enable the real-time identification of agents 
of concern.
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National Research Priorities

Table 3. CRC CARE’s research focus on the National Research Priorities 

NATIONAL RESEARCH PRIORITIES CRC RESEARCH (%) 

AN ENVIRONMENTALLY SUSTAINABLE AUSTRALIA 
Transforming the way we use our land, water, mineral and energy resources through a better 
understanding of environmental systems and using new technologies 

Water – a critical resource 20 

Transforming existing industries 5 

Overcoming soil loss, salinity and acidity 5 

PROMOTING AND MAINTAINING GOOD HEALTH 
Promoting good health and preventing disease, particularly among young and older Australians 

A healthy start to life 5 

Preventive healthcare 5

FRONTIER TECHNOLOGIES FOR BUILDING AND TRANSFORMING AUSTRALIAN INDUSTRIES 
Stimulating the growth of world-class Australian industries using innovative technologies developed 
from cutting-edge research 

Breakthrough science 15

Frontier technologies 15

Advanced materials 10

Smart information use 5

Promoting an innovation culture and economy 5

SAFEGUARDING AUSTRALIA 
Safeguarding Australia from terrorism, crime, invasive diseases and pests, and securing our 
infrastructure, particularly with respect to our digital systems 

Critical infrastructure 5 
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Governance and management

CRC CARE Pty Ltd is an incorporated venture established 
on 13 September 2005 to carry out the activities of the 
Cooperative Research Centre for Contamination Assessment 
and Remediation of the Environment (the Centre). The Company 
is a limited liability entity with 12 shareholders. Voting and 
dividend rights are determined by the value of contributions by 
shareholders (Core Participants) in the Company in the relevant 
financial year. Voting rights and the payment of returns from 
the commercialisation of intellectual property for Supporting 
Participants of the Centre are provided for through the 
ownership of shares in projects.

CRC CARE Pty Ltd is governed by a shareholder-elected 
skills-based Board. The maximum number of Directors is ten 
with the majority of members required to be independent of the 
research providers with a further and more specific requirement 
for the Chairperson to be independent of Participants (Core and 
Supporting) and the management of the Centre and Company.

The Chairperson is elected at each annual general meeting 
with the balance of Directors serving a term of two years. The 
Board met quarterly during 2008-09 and conducted a strategy 
meeting in February 2009. Only one change was made to the 
Board in 2008-09, namely the replacement of Mr Edwin Chan 
of HLM Asia Group Pty Ltd by Mr Charles Wong from the same 
organisation.

Members of the CRC CARE Board during 2008-09 were:

■	 Adjunct Professor Paul Perkins AM, Independent Chair
■	 Professor Ravi Naidu, Managing Director
■	 Emeritus Professor Max Brennan AO, research 
■	 Emeritus Professor Ian Davey, Independent Director, 

academic and research
■	 Mr Mark Hender, Consultant, commercialisation skills
■	 Dr Rod Lukatelich, Environmental Manager BP Refinery 

Kwinana Pty Ltd, petroleum industry skills
■	 Ms Susie Smith, Principal Sustainability Adviser Santos, 

environmental sustainability skills
■	 Dr Paul Vogel, Chair, WA EPA, regulatory skills
■	 Mr Charles Wong, HLM Asia Group Ltd, finance skills.

the cRc cARe bOARd

The role of the board is to:

■	 govern and manage the activities of the Centre
■	 set overall policy for the Company
■	 set the strategic direction of the Company and ensure that 

the activity of the Centre is consistent with its mission

■	 monitor the performance of the Managing Director
■	 oversee technology transfers and commercialisation 

activities
■	 review and approve an annual budget
■ approve major plans and research investments.

dIRectOR pROfIles

chairman
Adjunct Professor Paul J Perkins AM, Australian National 
University, BBus, Dip. LGA, AMP (Harv.), FCPA, FAICD

Professor Perkins is a member of the Australian Government’s 
Business Roundtable on Sustainable Development, Chairman 
of the National Environmental Education Council and Chairman 
of the Barton Group, a national CEO alliance responsible 
for leading implementation of the Environment Industry 
Development Action Agenda and project director of their 
national Water Industry Development Roadmap study. He was 
CEO of ACTEW, a unique government-owned holding company 
which operates electricity, gas, water, sewerage and broadband 
telecommunications operations through ActewAGL, the first 
equity-based public-private partnership in multi-utility operations 
in Australia.

He has held board positions in more than a dozen companies 
and numerous government and industry committees and 
taskforces. He served on National Task Forces on Environmental 
Competitiveness, Export, and Critical Infrastructure, was the 
long time chairman of the Australian Science Festival and 
is presently adviser to governments on water, sustainability 
strategies and resource policy related matters. He is a past 
chairman of both Environment Business Australia and the 
Australian Environmental Export Corporation Ltd.
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Managing director
Professor Ravi Naidu BSc, MSc, PhD, FSSSA, 
FASA, FNZSSS

Professor Naidu has researched environmental 
contaminants, bioavailability, and remediation 
for over 20 years. He has co-authored over 400 
technical publications and co-edited 10 books in 
the field of environmental science including field 
remediation of contaminated sites. Professor Naidu 
has worked with scientists from USA, Europe and 
Asia on environmental contamination including 
arsenic poisoning in Bangladesh, India and China.
Before instigating CRC CARE, Professor Ravi 
Naidu was the inaugural Director of the Australian 
Research Centre for Environmental Risk 
Assessment and Remediation (CERAR). It was in 
this role that he conceived, developed and led the 
bid for the CRC that was successful in 2004.

Professor Naidu was awarded a Gold Medal in 
environmental science in 1998 by Tamil Nadu 
Agricultural University, elected to Fellow of the Soil 
Science Society of America in 2000, Fellow of 
the Soil Science Society of New Zealand in 2004 
and also the Fellow of the Agronomy Society of 
America in 2006. He is the Chair of the Standards 
Australia Technical Committee on Sampling and 
Analyses of Contaminated Soils, Chair of the 
International Committee on Bioavailability and Risk 
Assessment, Chair of the International Union of 
Soil Sciences Commission for Soil Degradation 
Control, Remediation and Reclamation, immediate 
past President of the International Society on Trace 
Element Biogeochemistry and sitting member 
of the Victorian EPA Contaminated Sites Auditor 
panel.

dIRectORs

Emeritus Professor Max Brennan, BSc (Hons), 
PhD, AO

Professor Brennan is an eminent scientist, 
graduating from the University of Sydney in 1954 
with a BSc (Hons) and a PhD in 1958. His research 
has focused predominantly on cosmic rays, nuclear 
physics and plasma physics. Spending several 
years at Flinders and Sydney as Deputy Vice-
Chancellor, he has also served on international and 
national committees, including the International 
Fusion Research Council (1987-1995), Australian 
Atomic Commission (Chairman, 1983-1987) 
and the Australian Research Council (Chairman, 
1991-1997). Professor Brennan is the past Chief 
Scientist for South Australia and a consultant on 
higher education and research for the World Bank. 
He was made an Officer in the Order of Australia in 
1985.

Emeritus Professor Ian Davey, BA (Hons), Dip.
Ed., MA, PhD

Professor Davey joined the University of South 
Australia in 1994 as Pro Vice-Chancellor and Vice-
President: Research and International. In 2004 he 
became Pro Vice-Chancellor and Vice-President: 
Research and Innovation, until his retirement in 
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late 2005. Prior to his appointment at UniSA, he held a number 
of senior academic roles at the University of Adelaide including 
Dean of Graduate Studies.

Nationally, he has been Chair of the Deputy and Pro Vice-
Chancellor (Research) Committee of the Australian Vice-
Chancellors Committee (1997) and President of the Australia 
New Zealand History of Education Society (1987).

In his retirement, Professor Davey, a partner in the Nine Gums 
vineyard, is involved in producing Brick Kiln Shiraz. He is 
also Chair of the Mawson Lakes Innovation and Employment 
Opportunities Group.

Mr Mark Hender, BCiv. Eng. (Hons), MPhil. (Management)

Mr Hender is an experienced director and senior manager 
who has been involved with technology-based businesses for 
over 15 years. He has a broad range of experience at a senior 
management level complemented by detailed experience in the 
strategic management of complex research, technology transfer, 
commercialisation and investment projects gained during the 
five years that he was responsible for the operations of ITEK, the 
commercialisation company of the University of South Australia.

Mr Hender has extensive experience as a director holding 
positions with companies from a diverse range of technologies 
spanning the life sciences and physical sciences. He has been 
involved in raising capital for technology-based companies, both 
by securing venture capital and by leveraging grant funding.

Mr Hender is a Rhodes Scholar from Victoria and holds a 
Master of Philosophy (Management) from Oxford University 
and a Bachelor of Civil Engineering (Hons) from the University 
of New South Wales. He is a graduate of the Australian 
Institute of Company Directors and is a director of a range of 
technology-based companies including ITEK, Spire Innovations, 
GroundProbe and GTA.

Dr Rod Lukatelich, BSc (Hons), PhD, MAIBiol.
Environmental Manager - BP Refinery Kwinana Pty Ltd / 
Water Technology Advisor - BP Refining Technology

Dr Lukatelich’s career has spanned academia, environmental 
consulting and environmental management. As Environmental 
Manager he is responsible for monitoring and reporting 
emissions, providing technical support, environmental impact 
assessment for new projects, solid waste management, 
groundwater production, soil and groundwater remediation 
and Cleaner Production initiatives. In his additional role as 
Water Technology Advisor support is provided to the BP 
Global Refining business in the areas of water and wastewater 
treatment, and minimisation.

Dr Lukatelich has published 52 refereed papers and book 
chapters in environmental science. He is a member of the 
Environment Committee of the Chamber of Commerce and 
Industry, the Kwinana Industries Council, a member of the WA 
Department of Environment Stakeholder Reference Group and 
of the WA Environmental Protection Authority Industry Reference 
Group.

Ms Susie Smith, BSc
Principal Sustainability Adviser, Santos

Ms Smith has over twelve years professional experience in 
resource and environmental management. As Santos’ Principal 
Sustainability Adviser, Ms Smith stewards sustainability 
management and climate change policy and strategy. She 
published Santos’ inaugural Sustainability Report in December 
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2004 and has developed Santos’ sophisticated 
approach to integrating and assessing sustainability 
performance across Santos’ businesses.  

Ms Smith represents Santos on the various climate 
change industry bodies including the Australian 
Petroleum Production and Exploration Association, 
the Australian Industry Greenhouse Network and 
the Australian Business and Climate Group.
Prior to joining Santos in 2003, she was the South 
Australia Manager for Ecos Consulting. As a regular 
speaker at industry conferences Ms Smith engages 
on a broad range of topics from sustainability and 
ecological footprint studies to climate change policy 
and emissions trading.

Dr Paul Vogel, PhD
Chairman, Environmental Protection Authority 
of Western Australia 

Dr Vogel has a PhD in chemistry from the University 
of Western Australia. He is Chairman of the WA 
EPA which is the primary source of independent 
advice to Government on the environmental 
acceptability of development proposals.

Prior to his appointment to this position in late 
2007, he was the inaugural Chief Executive 
and Chairman of the South Australian EPA 
from November 2002, with responsibilities for 
environmental regulation, development assessment 
and radiation protection.

Dr Vogel has worked across the three tiers 
of government, business and the community 
and has extensive experience and knowledge 
in organisational and regulatory reform and 
strategic and collaborative approaches to 
sustainability, natural resources management, 
waste management, air and marine quality, site 
contamination and radiation protection.

Mr Charles Wong, BASc
Project Manager, HLM Asia Group Ltd, Hong 
Kong

Mr Wong is a professional engineer who worked in 
the telecommunications industry in Canada for over 
25 years until his move to HLM Asia Group Ltd, 
Hong Kong, in late 2005 as a Project Manager. His 
responsibilities in the telecommunications 
industry included research and development, 
manufacturing, marketing, and product 
management for a multinational telecommunication 
company. He has a BASc from the University of 
Toronto. 

Mr Wong’s main focus with the HLM Asia Group 
is on project management that includes corporate 
financing, mergers and acquisitions, investment 
fund raising and initial public offering.  HLM is a 
financial consulting and investment firm with offices 
in Hong Kong and Beijing. HLM also has significant 
involvement in traditional energy and renewable 
energy business in the People’s Republic of China. 
Mr Wong is currently overseeing CRC CARE’s 
research activities in China.
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bOARd cOMMIttees

The CRC CARE Board has delegated certain powers to the 
following committees:

■	 Audit and Risk Management Committee
■	 Remuneration Committee
■	 Research and Technology Committee
■	 Commercialisation Committee
■	 Policy Committee.

The Audit and Risk Management Committee meets at least 
twice a year to oversee:

■	 financial reporting procedures, accounting policies and the 
audited accounts of the Company

■	 compliance of the Company with its legal and statutory 
obligations, and

■	 management of risk elements faced by the Company.

This Committee comprises four Company directors, and is 
chaired by Professor Paul Perkins. Five members are from the 
private sector.

The Remuneration Committee comprises four Company 
directors (including the Chair and the Managing Director) and 
is chaired by Professor Paul Perkins. The Committee meets 
at least once a year to review the remuneration arrangements 
for the Managing Director and members of the Board of the 
Company. Two members are from the private sector.

The Research and Technology Committee reviews 
research proposals received by the Company and makes 
recommendations to the Board relating to research expenditure, 
the quality of research output and the mix of the Company’s 
research portfolio. It meets twice a year and has nine members. 
The Committee includes three Company directors and six 
industry experts of national and international standing. The 
Committee is chaired by Professor Max Brennan. Seven 
members are from the private sector.

The Commercialisation Committee has seven members, 
of which three are CRC CARE directors with the balance 
comprising senior managers and Program Leaders. The 
Committee is required to meet at least two times per year and 
is chaired by CRC CARE director Mr Mark Hender who has 
extensive commercialisation experience. Two members are from 
the private sector.

The Policy Committee provides high level, strategic advice 
to the Board about significant environmental regulatory policy 
issues, directions, or matters that impinge on, or relate to, the 
research programs and their desired outcomes. There are five 
members, of which three are CRC CARE directors and two from 
environmental protection authorities. One is from the private 
sector. The Committee is chaired by CRC CARE director Dr Paul 
Vogel and meets at least twice a year.

cRc cARe ORgANIsAtIONAl stRuctuRe 

BoardCompany Secretary

Managing Director

Executive Management Team

Policy Advisory
Committee

Committees
of the Board
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NON-bOARd cOMMIttees

policy Advisory committee

The Policy Advisory Committee meets at least 
twice a year. Its role is to advise the Managing 
Director and through him the Board on 
policy matters associated with contamination 
assessment, prevention, remediation and 
management and their potential impact on the 
operation of the Company, and to highlight areas 
of research that would benefit the regulatory 
sphere. The Policy Advisory Committee is chaired 
by Dr Bruce Kennedy, Executive Director, National 
Environment Protection Council (NEPC) Service 
Corporation and has thirteen members including 
three Company directors representing the private 
sector. The Committee has expertise and interest 
in the regulation of environmental contamination 
issues.

Management committee

The Management Committee assists the 
Managing Director in managing the CRC and is 
responsible for the day to day operations of the 

CRC. This committee meets at least four times 
per year and advises the Board through the 
Managing Director on research priorities, reports 
on the monitoring of milestones and performance 
indicators and ensures effective industry, regulator 
and stakeholder participation. The Management 
Committee is chaired by the Managing Director, 
and comprises the Managing Director, senior 
managers of the Company and the Program 
Leaders. Members are drawn from senior CRC 
CARE staff and participating universities.

cRc staff, Administration and head Office

CRC CARE’s Head Office is located in Adelaide at 
the University of South Australia’s Mawson Lakes 
Campus. Staff based at the Head Office are the 
Managing Director, Executive Personal Assistant to 
the Managing Director, General Manager, Business 
Manager, Finance Officer, Project Administrator, 
Commercialisation Manager, Education 
and Technology Transfer Manager, Industry 
Collaboration Manager, Coordinators of National 
Contaminated Sites Demonstration Programs, 
Communication Manager, Publications Officer and 
Administration Assistant.

CRC CARE’s new state of the art head office at the UniSA Mawson Lakes campus.
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Table 4.1 CEO, Board Members and Committee Members

Name Organisation CRC Position/Role Key skills 
of Board 
members

Adjunct Professor Paul Perkins Independent Independent Chair of 
Board, Commercialisation 
Committee, Audit and 
Risk Committee (Chair), 
Remuneration Committee 
(Chair)

Management 
skills

Professor Ravi Naidu University of South 
Australia

Managing Director 
(CEO and Director), 
Research and 
Technology Committee, 
Commercialisation 
Committee, Audit 
and Risk Committee, 
Remuneration Committee, 
Policy Committee, Policy 
Advisory Committee

Research/
management 
skills

Emeritus Professor Max Brennan Independent Board Director, Research 
and Technology 
Committee (Chair), 
Remuneration Committee

Research and 
policy skills

Dr Paul Vogel Environmental 
Protection 
Authority of WA

Board Director, Policy 
Committee (Chair), Policy 
Advisory Committee

Regulatory 
experience

Emeritus Professor Ian Davey Independent Board Director, Audit 
and Risk Management 
Committee

Academic 
and research 
skills

Dr Rod Lukatelich BP Refinery 
Kwinana Pty Ltd

Board Director, Research 
and Technology 
Committee, Audit and Risk 
Management Committee, 
Remuneration Committee, 
Policy Committee, Policy 
Advisory Committee

Petroleum 
industry 
experience 

Mr Charles Wong¹ HLM Asia Group 
Ltd

Board Director, Audit 
and Risk Management 
Committee

Venture 
capital/finance 
skills

Mr Mark Hender Technis Pty Ltd Board Director, 
Commercialisation 
Committee (Chair)

Commerciali-
sation skills

Ms Susie Smith Santos Board Director Environmental 
sustainability 
skills

Dr Brent Clothier Hort Research, NZ Research and Technology 
Committee 

Mr Ross McFarland ENSR Research and Technology 
Committee, Policy 
Advisory Committee

¹Appointed Director November 2008
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Name Organisation CRC Position/Role Key skills 
of Board 
members

Professor Gary Pierzynski Kansas State 
University

Research and Technology 
Committee

Mr Jason Clay Environmental 
Resources 
Management

Research and Technology 
Committee

Professor Suresh Rao Purdue University, 
USA

Research and Technology 
Committee

Mr Stuart Rhodes Rio Tinto Technical 
Services

Research and Technology 
Committee, Policy 
Advisory Committee

Ms Maggie Dowling CRC CARE Commercialisation 
Committee

Professor Jack Ng University of 
Queensland

Commercialisation 
Committee, Policy 
Advisory Committee

Professor Megharaj Mallavarapu University of South 
Australia

Commercialisation 
Committee

Associate Professor Enzo Lombi University of South 
Australia

Commercialisation 
Committee

Mr Nick Mahon CRC CARE Audit and Risk 
Management Committee

Ms Cathy Cooper CRC CARE Audit and Risk 
Management Committee

Dr Bruce Kennedy NEPC Service 
Corporation

Policy Committee, Policy 
Advisory Committee (Chair)

Mr Mick Bourke EPA Victoria Policy Committee

Mr Andrew Beveridge CRC CARE Policy Committee, Policy 
Advisory Committee

Mr Greg O’Brien EPA Queensland Policy Advisory Committee

Ms Janet Macmillan Department of 
Environment and 
Conservation, WA

Policy Advisory Committee

Mr Greg Hill EPA, South 
Australia

Policy Advisory Committee

Ms Sharon Clark LandCorp Policy Advisory Committee

Mr Stuart McConnell EPA, Victoria Policy Advisory Committee

Mr Mark Donaghey Department of 
Defence

Policy Advisory Committee

Dr Roel Plant University of 
Technology - 
Sydney

Policy Advisory Committee



24 Governance & management

Table 4.2 CRC CARE Board: Attendance at Board meetings

Name
Aug
2008

Sept
2008

Oct
2008

Nov
2008

Feb
2009

Apr
2009

May
2009

Jun
2009

Professor Paul Perkins Y Y Y Y Y Y Y Y

Professor Ravi Naidu Y Y Y Y Y Y Y Y

Emeritus Professor Max Brennan Y A Y Y Y Y Y Y

Mr Edwin Chan* A A A A

Emeritus Professor Ian Davey Y A A Y Y Y Y Y

Mr Mark Hender Y A Y Y Y Y Y Y

Dr Rod Lukatelich Y Y Y Y Y Y Y Y

Ms Susie Smith Y Y A Y Y Y Y Y

Dr Paul Vogel Y Y Y Y Y Y Y Y

Mr Charles Wong** Y Y Y Y A Y Y

Y = Attended; A = Apology

* Mr Charles Wong represented Mr Edwin Chan in the August, October and November 2008 Board meetings. Mr Chan retired at the November   

   2008 AGM.

** Mr Charles Wong was appointed at the November 2008 AGM.

Table 4.3 Program Leaders in 2008-09

Name Organisation CRC Position / Role

Professor Jack Ng University of Queensland Program Leader: Risk Assessment

Professor Megharaj Mallavarapu University of South Australia Program Leader: Remediation Technologies

Professor Nanthi Bolan
(retired December 2008)

University of South Australia Program Leader: Prevention Technologies

Associate Professor Enzo Lombi
(commenced January 2009)

University of South Australia Program Leader: Prevention Technologies

Dr Roel Plant
(commenced August 2008)

University of Technology 
Sydney

Program Leader: Social, Legal, Policy and 
Economic Issues

Dr Malcolm Clark
(commenced August 2008)

Southern Cross University Program Leader: Education and Training

Table 4.4 Changes to Participants

Participant’s name Change in 2008-09
Commonwealth approval 
Y (yes) N (no)

FibreCell Australia Pty Ltd Joined CRC from 1 July 2008 as a Supporting Participant Y

James Cook University Joined CRC from 1 July 2008 as a Core Participant Y

BHP Billiton Iron Ore Pty Ltd Joined CRC from 1 July 2008 as a Supporting Participant Y
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Research programs 

ReseARch ActIvItIes ANd 
AchIeveMeNts

The underlying principle of Australian environmental 
regulation is to seek to ensure that land and water 
is fit for use, and does not pose a risk to human 
health or the environment. It is a specific intention 
of the regulations to avoid prescriptive remedies 
and unnecessary cost, and to allow solutions that 
are appropriate for future use. (ANZECC 1992).

Australia is faced with the challenging task of 
remediating more than 100,000 potentially 
contaminated sites which could cost industries 
and government organisations in excess of $5 
to $8 billion (1997 estimate). There is ongoing 
remediation of existing contamination, and 
hundreds of millions of dollars are being spent each 
year on satisfying clean-up criteria. However, there 
continues to be considerable uncertainty regarding:

■	 the basis for the clean-up criteria
■	 the magnitude of the resulting risk 
■	 the application of new cost-effective  

management and remediation methods which 
target residual contamination and risk, and

■	 regulatory and community acceptance of the 
management strategies.  

Industry has been carrying out its own development 
and research work to deal with this high level 
of cost and uncertainty. It has been seeking to 
establish clear parameters that would allow a ‘risk-
based’ approach to management of contaminated 
sites. The dearth of scientific understanding has 
frustrated creation and acceptance of these 
risk-based regimes under the current regulatory 
arrangements. Even where regulatory authorities 
have accepted such risk-based approaches, the 
uncertain foundations for these regimes have left 
significant exposure in public debate and potential 
liability. The public is unclear about the basis for 
community and environmental protection, which in 
key instances has led to heated public debate and 
further government intervention.  

The risk-based approach to remediation is an area 
that is still controversial, and regulators and the 
community throughout the world are demanding 
sound evidence that contaminants left behind 

in the soil do not pose a risk under changing 
environmental conditions.

There is potential for Australia to develop a sound 
scientific basis for regulatory regimes in relation 
to contamination issues. Through investment in 
targeted research, CRC CARE is developing risk-
based approaches that provide a safe, healthy and 
productive environment. Through this approach, it 
is generally not a requirement to achieve full clean-
up and to remove all contamination. 

Australian state, federal and territory governments 
have established various environment protection 
agencies that are charged with establishing 
regulatory regimes in relation to contamination 
issues. These agencies have been working 
cooperatively with industry to establish suitable 
regulatory regimes. Under the umbrella of the 
National Environment Protection Council (NEPC), 
all Australian state governments have developed 
and adopted the National Environment Protection 
Measure for the Assessment of Contaminated Sites 
(NEPM-ACS). 

Unfortunately, resources and other constraints 
have meant that Australia’s regulatory regime has 
largely drawn on overseas experience. Overseas 
regulations are not suited to the Australian 
environment with its soils that are old and highly 
weathered. However, there has been a dearth of 
scientific information on which to base an effective 
Australian regulatory regime. There therefore 
remains considerable uncertainty about the 
effectiveness of the current regulatory environment, 
and this uncertainty is increasing costs for our 
national industries. Uncertainty arises because of:

■	 complexity of the issues and limited 
understanding of the factors involved 

■	 difficulty with measurement of indicators 
relevant to environmental and human health

■	 lack of data relating to ecological systems and 
human health for the various contaminants 
under the conditions that apply in Australian 
soils and water, and

■	 lack of understanding of the implications and 
risks associated with residual contamination 
and how this should be managed in perpetuity. 
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These uncertainties in risk and technology application can 
create significant exposure to liability. 
 
1) Key research achievements 

Since its establishment in September 2005, and through its 
partnership with industries and regulatory bodies, CRC CARE 
has made significant progress towards the development of 
guidance documents on the assessment and remediation 
of contaminated sites. Along with this monitoring, tools and 
remediation technologies have been developed to monitor 
certain toxic substances in soil, air and wastewater. The four 
research programs are interlinked via both basic science 
addressing the fate and behaviour of contaminants in the 
environment, and the development of predictive tools. This work 
is underpinned by research conducted in Program 4 focusing 
on social, legal and economic issues. The CRC recognises that 
adoption of any new technology requires an appreciation of the 
technology by the community and hence the focus on societal 
issues.

Major items of progress in 2008-09 are set out in the Managing 
Director’s report (p.3), and further outlined in the research 
program reports in the following sections.

2) Nature of major consultancies and their contribution to 
the CRC

Following its establishment, CRC CARE researchers have 
undertaken a number of consultancies arising largely from 
non-partner organisations. These organisations recognise 
CRC CARE as an independent and unbiased body focusing on 
science and technology excellence. Such consultancies have 
led to new initiatives (e.g. the Managing Director is part of a 
BHP Billiton technical steering committee, and was engaged by 
ACIAR to assist with a project on arsenic transfer in soils and 
groundwater in Bangladesh).

3) Nature of any grants and how they contribute to the 
CRC

No ‘grants’ were received by the CRC in 2008-09.

4) Changes proposed to future research directions 

The great majority of the CRC’s milestones are continuing as per 
the original agreement. However, the enhanced engagement 
with the mining industry, especially with BHP Billiton Iron Ore 
Pty Ltd joining the CRC from July 2008, will drive a new focus 
on research into contamination and clean-up in the Australian 
mining sector. 

Dr Mohammad Mahmudur Rahman operating an inductively coupled plasma mass spectrometer used to 
measure metals and metalloids at the level of parts per billion and below.
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Professor Jack Ng, 
Program Leader

pROgRAM OveRvIew

This Program aims to develop technologies that 
can better quantify environmental and health risks 
which in turn would enable sound decisions in 
management of site contamination. The research 
targets contaminants that pose major soil, air and 
groundwater problems in Australia, or may pose a 
threat from terrorism activities. 

The Program consists of five subprograms:

1. Reliable and acceptable techniques and 
technologies to quantify the risk associated 
with contamination in soil, groundwater, 

 surface water and air
2. Methods for speciation, bioavailability and 

toxicity assessment of contaminants
3. Exposure pathway and biological effect 

assessment
4. Risk characterisation and communication
5. Epidemiological and demographical studies 

focusing on the effect of point source air 
emissions associated with major industrial 
centres.

pROgRAM hIghlIghts

Progress was made in the reporting period on 
several research fronts, especially sensor tools. 
Their development allows reliable and rapid 
methodologies for the monitoring of environmental 
contaminants and biological responses in 
receptors, including microorganisms, plants, 
animals and humans. For example, chemical and 

biological sensors were developed for the detection 
of both organic and inorganic contaminants. The 
sensors project has been extended for a further 
three years, and another project aiming to develop 
a real-time in-vitro cell based tool has begun. 

Other key advances in 2008-09 included:

■	 sampling and analytical methods for detection 
of organometallic compounds for the first time 
in emissions from the alumina industry

■	 simulation and prediction of toxic chemical 
dispersion within icon buildings following 
terrorist attack 

■	 improved sampling and measurement of 
asbestos fibres

■	 the use of urinary bilirubin oxidative metabolites 
as a new approach for measurement of 
oxidative damage following chemical exposure,  
and 

■	 a unicellular system as a concept for a cell-on-
a-chip assay development. 

In addition, a new species of groundwater 
organism has been discovered and specific 
methods have been developed for the evaluation 
of chemical toxicity relevant to groundwater 
ecosystems. This was reported in the CRC 
newsletter Remediator (Autumn 2009, p.3).
 
Many of the projects include a training component 
providing scholarships to PhD students and 
postdoctoral fellowships. An important outcome 
from Program 1 will be a series of innovative tools 
that both industry and regulatory agencies support 
for the benefit of a safer environment and public 
health protection.

Researchers and our industry partners played 
a significant role and contributed to the current 
National Environmental Protection Measure (NEPM) 
review. For example, CRC CARE commissioned 
the review of vapour models, developed 
Health Screening Levels (HSL) for petroleum 
hydrocarbons, and a guidance document for 
bioavailability and leachability. Prof Jack Ng served 
on the NHMRC Health Investigation Levels (HIL) 
Working Committee steering the development 
of NEPM HILs. Program 1 is also involved in the 
CRC’s national demonstration projects. 

Program 1:  Risk Assessment
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plAIN eNglIsh suMMARY Of pROjects

Health and alumina emissions 
(Dr Ewald Swinny)
Community health concerns have been raised about alumina 
refinery emissions, but studies have so far failed to find any 
cause of disease. This research is exploring the idea that certain 
chemical species adsorbed to small alumina particles and the 
sizes of these particles may be factors in respiratory disease, 
and seeks to quantify any possible risk.  

Contamination detectors 
(Dr Zuliang Chen)
Contaminated sites often contain toxic substances such as 
As, Cd, Cu, Cr and BTEX, which are of serious environmental 
health concern. Coupled with our success in developing an 
electronic metal sensor we are now developing a general toxicity 
biosensor. Together these will provide real time monitoring of 
toxics in the soil and water of highly contaminated sites. 

Reducing threats to indoor air 
(Dr Steve Wilkinson)
Civil defence planners see a need to protect the Australian 
public against the possible release of toxic substances into 
the air in large, iconic public buildings. This research models 
indoor air dispersion in public buildings with a view to improving 
air management, increasing public security and ensuring safe 
evacuation should an incident occur.

Detecting contaminants in industrial emissions 
(Dr Peter Taylor)
Industrial emissions may contain many chemicals, although not 
all are readily detected. Organometallic compounds may be 
toxic or smell bad, and can contaminate surrounding areas – 
but are very hard to measure. We are pioneering a way to detect 
and monitor these substances, which will be initially tested in 
alumina refinery emissions.

Ensuring healthier groundwater 
(Dr Grant Hose)
Australia uses 1500 gigalitres of groundwater every year and 
many communities depend on it for both domestic and industrial 
uses. This research into aquatic fauna will provide industry and 
regulators with new ways to sample and assess the health of 
groundwater ecosystems to improve management, prevent 
contamination and protect the public’s health.

Lab-on-a-chip sniffs trouble 
(Dr Peter Taylor)
Detecting contaminants often requires large, costly lab-based 
equipment far from the site of interest. We are testing the 
feasibility of using portable lab-on-a-chip technology to detect 
environmental contaminants rapidly and cheaply, on-site. This 
will enable Australia to clean up our environment faster, more 
thoroughly and safely.

Avoiding toxic fallout 
(Dr Steve Wilkinson)
When large industries are co-located, toxic chemicals can cling 
to emissions containing tiny iron-rich particles, posing a possible 
risk to public health. This project explores the potential of 
airborne iron-rich mineral particles to disperse toxic substances 
over large areas, with the aim of improving our industrial 
planning.   

New tool for toxics 
(Dr Zuliang Chen)
Contaminants such as arsenic, cadmium, chromium and BTEX 
are of serious environmental and health concern wherever they 
occur. We are developing our general toxicity biosensor into 
a usable field test kit for rapid, low-cost monitoring and site 
assessment. 

Smart bugs for toxic threats 
(Professor Jack Ng)
Contamination is a major threat to human and environmental 
health – but can be hard to detect and monitor. This research 
is developing a low-cost sensor that detects and measures 
pollution in water in real time, continuously, using a sensitive 
single-celled organism to signal the presence and toxicity of 
metals and metallic compounds. 

Contaminants and the food chain 
(Dr Euan Smith)
Heavy metals and some other nutrients may pose a risk to 
public health if they enter the food chain in sufficient amounts 
through vegetables and other sources. This project is developing 
models which will help clarify the uptake of these substances by 
plants, the pathways by which they can enter humans and the 
risks they pose.



29

A
N

N
U

A
L

 
R

E
P

O
R

T
 |

0
8

–
0

9

Risk Assessment

Measuring oil pollution 
(Dr Greg Davis)
A century of oil leaks constitutes one of the 
most widespread forms of contamination in 
the Australian environment. We have searched 
the world scientific literature for the best ways 
to understand what happens in petroleum-
contaminated soils and groundwater as the basis 
for a uniform national approach to estimating the 
risks they pose and for cleaning them up.

Artificial lung sniffs toxic air 
(Professor Jack Ng)
Air pollution is one of the most widespread 
environmental health concerns, affecting a majority 
of Australians. In this project we are using human 
lung cells as the basis for developing a portable 
field testing kit to detect and identify toxic air 
pollutants.

How poisoned are you? 
(Professor Jack Ng)
This project is pioneering a novel way to measure 
the damage a person sustains when exposed 
to certain toxic compounds. Using particular 
biomarkers which occur naturally in the body, 
CRC CARE researchers are seeking to measure 
the extent of cell damage due to particular toxins, 
with the aim of creating an early warning system for 
exposure to dangerous levels of contamination. 

Reducing risks from toxic vapours 
(Dr Greg Davis)
Vapours from old leaks and spills of hydrocarbons, 
solvents, plastics production and other processes 
may pose a health threat when former industrial 
land is redeveloped for housing and other uses. 
However these vapours are reduced by the 
natural action of soil microbes. Our work has 
identified better ways to measure vapours, the best 
model for use in Australian conditions to assist 
in managing vapour pollution, and how much 
vapour reduction soil microbes can achieve.

National approach to hydrocarbons 
(James Davis)
Ways to diagnose and remediate sites 
contaminated by hydrocarbons vary across 

Australia. In this project we have developed a 
harmonised national guidance document on 
the best ways to characterise sites affected by 
petroleum leaks and spills – the essential first step 
in any clean-up plan. Australia can now realistically 
tackle many of the historical oil spills beneath 
our cities and industrial areas using a uniform 
approach.

Health and hydrocarbons 
(Dr Peter Nadebaum)
Old oil spills and leaks pose a continuing risk 
to people living nearby, when hydrocarbon 
compounds in soil or groundwater vaporise and 
enter buildings. In this literature search CRC CARE 
has identified the key issues needed to set new 
national standards for investigating, managing and 
cleaning up this form of contamination.

Curbing asbestos risk 
(Professor Andrea Gerson)
Between the 1940s and 80s many Australian 
buildings were made using asbestos cement, 
which contains fine bundles of asbestos fibres. 
These pose a potential health risk when the cement 
breaks down. Our research is investigating how the 
cement releases these fibres; this will help in taking 
action to make affected sites safer.

Assessing hydrocarbon contamination
(Dr Peter Nadebaum)
Old oil spills and leaks pose a continuing risk 
to people living nearby when hydrocarbon 
compounds in soil or groundwater vaporise and 
enter buildings. In this project, supported by 
industry and environmental regulators, we model 
the behaviour of these vapours and propose new 
criteria for use in measures to protect public health.

Ensuring consistency in hydrocarbon 
analysis 
(Len Turczynowicz)
A century of oil leaks constitutes one of the 
most widespread forms of contamination in the 
Australian environment. This project summarises 
our findings with a view to helping establish new 
national standards for investigating, managing and 
cleaning up hydrocarbon contamination.
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ReseARch pROject hIghlIghts 

1. Vulnerability of indoor air to airborne threats 

People visiting or working inside iconic buildings are highly 
susceptible to exposure from the release of toxic chemical 
agents, whether accidental or deliberate. Irrespective of the type 
of release, the ventilation system in most commercial buildings 
will spread the toxic airborne agents throughout the ventilated 
areas within fifteen minutes or less.

Chemical agents associated with terrorism are well known 
around the world and may include the following:

■	 chemical weapons (warfare agents) developed for military 
use

■	 toxic industrial and commercial chemicals
■	 chemical toxins of biological origin (e.g. ricin).

This project focused on toxic industrial chemicals that are 
more readily available, such as chlorine gas, hydrogen fluoride, 
hydrogen cyanide, phosphine and ammonia. Using harmless 
sulphur hexafluoride as a tracer gas, the study mapped and 
modelled the airflow distribution patterns around and inside 
selected icon buildings and subways, especially exit routes.

The research reviewed a range of data-based and mechanistic 
models reliant on computational fluid dynamics that are used 
to investigate air flows in buildings. It assessed the suitability of 
the models as a basis for emergency response planning, and 
reported confidentially on the public buildings involved. 

(Partners: CCWA, CUT)

2.  Inexpensive miniaturised chromatographic systems for 
the on-site detection of contaminants

There are a large number of probes and real-time sensors for 
environmental applications currently on the market. However, 
although portable, they are often much less accurate than 
laboratory-based analysis in measuring specific contaminants. 
The usefulness of these field devices is therefore limited. 

This project is evaluating the feasibility of using miniaturised 
chromatographic technology for rapid on-site detection of 
environmental contaminants. If effective methodologies and 
designs can be developed, the project will move to a second 
phase working with microfluidic and instrument manufacturers.

As well as portability and operating speed, this technology 
also has potential for use in near real-time monitoring 
of contaminants in water (e.g. a stationary monitor at 
a groundwater well, or monitoring a water flow from a 
contaminated site), and could be the focus of further work at a 

later date. Progress with this miniaturised technology will also 
open up new possibilities in remote monitoring.

(Partners: CCWA, UniSA) 

3. Adsorbed chemical species on inhalable iron-rich 
particles

Health guidelines of airborne particulate matter are usually 
based on the size, quantity and type of substrate, with little 
or no consideration of organic and/or inorganic species that 
may be adsorbed on the surface of the particle. Even with this 
traditional approach, exposure to airborne particulate matter has 
often been associated with asthma, bronchitis, chronic cough, 
respiratory illness and lung cancer. 

Several published articles, however, have indicated that 
significant health effects can be attributable to toxic organic 
compounds adsorbed on other particulate matter apart from 
those from diesel emissions. It is known, for example, that 
airborne particles of 50μm diameter or lower can penetrate into 
the human respiratory system carrying with them adsorbed 
chemicals. It has also been shown that certain pollutants can 
become concentrated on airborne particles and consequently 
alter the surface chemistry of the dust. 

Bearing in mind the co-location at several sites (e.g. in Port 
Hedland in WA) of mineral processing plants with the associated 
dust, and industries with chemical emissions, this project seeks 
to:

■	 investigate the cytotoxic potential of particles with certain 
adsorbed chemicals on the human respiratory system

■	 identify vulnerable population groups and estimate likely 
health effects  

■	 identify ways in which human health can be protected and/
or effects mitigated.

This is a collaborative project involving the Chemistry Centre of 
WA and the University of Queensland. The former is responsible 
for the chemical and physical characterisation of particulate 
matters, and the latter for the toxicological component and 
development a suitable in-vitro lung-cell-based assay system. 
An initial review of the literature on the impact of iron ore dust 
on community health, and on possible toxic chemical species 
involved, will be carried out in 2009. The project is expected to 
report by the end of 2011.

(Partners: CCWA, UQ) 

4. Analytical tools and biosensors project

Methods for the assessment of contamination in the 
environment have traditionally involved the collection of 
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environmental samples for laboratory analysis, 
typically involving liquid chromatography, ion 
chromatography, spectrophotometry, atomic 
absorption spectrometry or mass spectrometry.

Unfortunately this approach requires expertly 
trained staff and expensive laboratory equipment, 
and places considerable constraints on the scale of 
investigations into environmental contamination. 

This project aims to develop new and cost-
effective novel microsensors for the detection and 
monitoring of inorganic and organic contaminants 
of serious environmental health concern, especially 
arsenic, copper, cadmium, chromium and BTEX. 

These sensors could either be biologically based, 
chemically based, or a combination of both. 
The biologically based ones, often referred to as 
biosensors, exploit the ability of living systems to 
detect chemicals in their environment, and have 
the potential to report on the biologically available 
amount of contaminant (i.e. that which is available 
to, and can potentially impact, biological systems).

The research has already achieved the 
development of a chemically modified electrode 
with a novel sandwich film for a more sensitive 
and selective detection of cadmium, copper and 
lead. An artificial neural network has also been 
developed to overcome the difficulties of detecting 
copper with ion-selective electrodes under the 
interference of chloride ions. (ZL Chen et al. 1999, 
‘Stripping Voltammetry of Pb(II), Cu(II), and Hg(II) at 
a Nafion-Coated Glassy Carbon Electrode Modified 
by Neutral Ionophores’, Electroanalysis 964-968).

In the work on biosensors, 20 contaminant-
sensitive microbes have been isolated from soils 
and water, and a set of genes which impart 
luminescence (luxCDABE) have been inserted 
into a plasmid and successfully expressed in 
Escherichia coli cells. This provides a basis not only 
for general toxicity testing (since the light emitted 
is indicative of metabolic stress), but also supplies 
genes which enable the lux genes to be expressed 
in the presence of specific contaminants (e.g. 
arsenic, chromium, phenol).

(Partner: UniSA)

5. Characterising sites impacted by petroleum 
hydrocarbons 

A significant proportion of Australia’s contaminated 
land is impacted by petroleum hydrocarbons, and 
detailed investigation of these sites should be a 
national priority. Poor characterisation of a site, 
however, is not only likely to result in additional 
expense as remediation work has to be redone, 
but inadequate or misleading data may also 
result in increased risk to human health and the 
environment. 

While several guidance documents on site 
characterisation currently exist in Australia, these 
are typically regional, outdated or do not provide 
information specific to characterising petroleum 
hydrocarbon impacts.

CRC CARE, in consultation with industry, 
consultants and regulators, has recognised the 
need to prepare guidelines for the characterisation 
of petroleum hydrocarbon-impacted sites, to 
unify current guidance, and provide support for 
innovative technologies and approaches. 

These guidelines have now been prepared 
under CRC CARE’s National Contaminated Sites 
Demonstration Program. This has included the 
formation of a petroleum Project Advisory Group 
(PAG) to provide direction and feedback from 
industry, consultants, researchers and regulators. 
A review of existing national and international 
protocols and techniques (Davis et al. 2006, CRC 
CARE Technical Report no. 2) has been taken into 
consideration. 

The guidelines are focused on sites that have 
stored, handled or distributed oil or petroleum 
products, such as petrol (gasoline), diesel, 
kerosene, jet fuel, lubricating oil and fuel oil, 
all types of light non-aqueous phase liquids or 
LNAPLs. The completed document was published 
during the year and is available as Technical Report 
no. 11 on the CRC’s website.

(Partners: CSIRO, UTS) 
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6.  Development of petroleum hydrocarbon soil and 
groundwater health screening levels

In Australia the normal approach for triggering investigation into 
contaminated sites is to determine whether Health Investigation 
Levels (HILs) or Ecological Investigation Levels (EILs) are 
exceeded. In the case of ‘total petroleum hydrocarbons’ (TPH), 
a number of screening levels exist, although these are limited 
and do not extend to certain soil types and aquifer situations nor 
to the assessment of volatile hydrocarbons. 

This project aims to produce:

■	 a set of health-based soil and groundwater screening levels 
for various land uses, soil types and depths

■	 a technical guidance document which outlines the 
methodology, assumptions and equations, and

■	 an application document that summarises the screening 
levels, how they should be used, and their limitations.

During the year four PAG meetings were held, and a draft of 
the technical report was completed. An application document, 
a sensitivity assessment document, and work extending a 
model were also completed. Following a TPH workshop held 
in Sydney in May, an associated technical working group was 
established to develop a consistent and harmonised approach 
to the analysis of TPH. Further work planned includes a revision 
of HSL values for TPH.

This research assists the National Environmental Protection 
Council in its role of determining and revising values and 
standards for contamination assessment.

(Partner: GHD Pty Ltd)

7.  Sampling and analytical methodologies for 
characterisation of organometallic compounds in 
alumina refinery emissions

Alumina refining is a multi-billion dollar industry in Australia – for 
example, two companies have four refineries near the Darling 
escarpment southwest of Perth. However, there are some 
public health concerns about the emission of organometallic 
compounds from alumina refineries, especially since 
organometallics are considered more toxic than elemental or 
oxidised metals. 

A study was undertaken to determine the relative concentrations 
of selected organometallic compounds namely dimethylselenide, 
tetramethyltin and methylmercury from Alcoa and Worsley 
alumina refinery sites in Wagerup and Collie respectively.  
No established exposure guidelines currently exist for 
organometallic compounds.   

Dimethylselenide and methylmercury were detected at both of 
the locations, with a maximum concentration of 1.9 μg/m3 and 
5.2 μg/m3 respectively. Tetramethyltin was not detected in any 
of the sampled sources. A detection limit of 0.05 μg/m3 was 
achieved for dimethylselenide and tetramethyltin and 0.5 μg/m3 
for methylmercury.  

Very few of the stacks tested showed positive for the target 
organometallic species and the positives were at a very low 
level.  This may indicate that there is probably no immediate 
health risk associated with these organometallics from alumina 
refineries although this would need to be confirmed by 
toxicologists. 

(Partner: CCWA)

Program 1 includes the study of contaminants entering the food chain through vegetables and other sources.
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Remediation Technologies

Professor Megharaj 
Mallavarapu, 
Program Leader

pROgRAM OveRvIew

The major objective of this program is to develop 
cost-effective and sustainable remediation 
technologies for contamination that are acceptable 
to regulatory agencies and auditors. This includes 
the development of:

■	 cost-effective, innovative and low-risk 
technologies for soil remediation (including 
treatment, bioavailability reduction and 
combination of these) that can maximise overall 
land value and minimise the amount of soil 
disposed of in landfills

■	 remediation approaches for groundwater 
source zones that reduce costs and risks. 
These include monitored natural attenuation, 
enhanced natural attenuation, methods of 
free phase reduction, and permeable reactive 
barriers

■	 technologies that offer a rapid and cost-
effective response to biological or chemical 
hazards from accidental releases or from 
terrorist activities

■	 a remediation database accessible to Australian 
and international industry.

The Remediation Technologies Program consists of 
five subprograms:

1.  Remediation technologies for heavy metal(loid) 
contaminated soils

2.  Remediation technologies for mixed 
contaminants

3.  Remediation of persistent organic pollutants
4.  Remediation technologies for contaminated 

groundwater
5.  Reactive filtration media for remediation.

All subprograms within the Program consider both 
chemical and biological remediation, including 
phytoremediation using plants, or a combination 
of these technologies based on their suitability. 
Chemical technologies include chemical oxidation, 
soil washing, solvent/surfactant washing, and use 
of naturally occurring or modified clay material to 
immobilise or remove contaminants from soil, air 
and water. 

Biotechnologies being investigated and refined 
include phytostabilisation, phytoremediation, 
microbial bioremediation including aerobic/
anaerobic degradation of contaminants, natural 
attenuation or enhanced natural attenuation 
and enzyme-based technologies. This program 
places emphasis on risk-based land management 
in developing remediation technologies. Skills 
in toxicological and chemical analysis underpin 
research into remediation efficacy.

Both fundamental and applied research projects 
are underway. Some of these projects provide 
training for PhD and Honours students, as well as 
Postdocs. Research within the program combines 
laboratory studies with field-based research, and 
projects bring together a range of disciplines 
to develop cost-effective and sustainable 
solutions to complex contamination problems. 
The skills deployed include analytical chemistry, 
environmental chemistry, hydrogeology, modelling, 
soil and water science and environmental 
microbiology.  

pROgRAM hIghlIghts

■	 developed remediation technology based 
on novel nanocatalysts for wastewater 
contaminated by textile effluent 

■ developed novel remediation technology 
for soils contaminated by persistent organic 
pollutants (POPs), based on ultrasonic-assisted 
contaminant desorption and biosorption 

Program 2: Remediation Technologies
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■ synthesised novel organoclay materials for simultaneous 
removal of hexa and trivalent chromium

■ synthesis of TiO2-based catalyst and test of their activity 
under UV and visible light-modified TiO2 with N and Pt 
catalyst exhibiting strong activity at visible light for acetone 
and toluene degradation

■ a new guidance document drafted on the application and 
performance of LNAPL remediation technologies 

■	 isolated novel heavy metal tolerant bacteria able to detoxify 
polyaromatic hydrocarbons, and developed bioremediation 
technology for mixed contaminated soils from former 
manufactured gas plant (MGP) sites 

■	 isolated novel bacteria able to detoxify total petroleum 
hydrocarbons and characterised the catabolic genes. 
Further work developing bioremediation technology based 
on these bacteria is in progress

■	 synthesised novel nano zerovalent iron for heavy metal 
remediation in soil and wastewater 

■	 successfully established the phytoremediation of a landfill 
site.

 

Phytoremediation of a landfill 
site: Sunflowers (left) and 
Indian mustard (below) are 
being used at a major landfill 
site near Adelaide, SA, to 
manage the problem of 
contaminated soils.
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plAIN eNglIsh suMMARY Of pROjects

Manures as soil cleansers 
(Professor Megharaj Mallavarapu)
Soils contaminated with toxic PAHs (polycyclic 
aromatic hydrocarbons) can be cleansed by the 
natural action of soil-borne microbes – however 
the process is quicker and more effective if these 
microbes are nourished. We have tested a range of 
manures (cattle, sheep, poultry, pig and horse) and 
artificial fertilisers for use on a range of hydrocarbon 
pollutants in different soil types to produce a 
decision-support system that will enable this 
efficient, natural and low-cost form of remediation 
to be used more widely.

Plants to remediate landfills 
(Professor Nanthi Bolan/Professor Ravi Naidu) 
Australia’s urban tips (landfills) are full of toxic 
substances, such as heavy metals and organic 
chemicals, which can leak into groundwater and 
the environment, thereby posing a health risk to 
people living nearby. In this project CRC CARE is 
developing a new way to cleanse landfills using the 
natural filtration ability of plant roots in a recycled 
water irrigation system on site at an existing tip in 
South Australia. After assessing the plants’ ability 
to take up heavy metals and degrade organic from 
this site, we will extend the technique to other 
landfill sites.

Avoiding acid soils 
(Professor Leigh Sullivan)
Acid sulfate soils (ASS) affect large areas of 
Australia’s coastal and inland wetlands and can 
create disastrously toxic flows of highly acidic runoff 
when drained for development. This CRC CARE 
project is developing a new tool which enables 
industry to detect, assess, avoid or remediate 
acid soils. The tool employs a leading-edge 
hydrogeochemical model to predict the potential 
acid yield, consumption and export from ASS sites 
under different management scenarios.

Letting Nature do the job 
(Associate Professor Noel Merrick)
Natural processes in soil and groundwater 
often break down hydrocarbon pollution of their 
own accord and without human intervention. In 
order to rely on this happening in the Australian 
environment, CRC CARE has conducted a 
global and national review of the best methods 
for monitoring the progress and success of 
such natural attenuation. This will provide 
industry, regulators and policy makers with 
greater confidence in natural means of reducing 

contamination, which are both efficient and low-
cost.

Knowing when to stop 
(David Lam)
Light non-aqueous phase liquids (LNAPLs) are 
oily contaminants that float on the surface of 
groundwater and can be particularly difficult 
to remediate. One of the great challenges in 
attempting their clean-up is knowing when further 
efforts will be unproductive and can no longer 
reduce risk. In this global review CRC CARE has 
attempted to define the end-points for remediation, 
as a guide to industry and regulators and to avoid 
wasted effort.

Showing Nature works 
(Dr Peter Nadebaum)
Hydrocarbon pollutants can often break down via 
natural processes in soil and groundwater without 
human intervention. CRC CARE is developing a 
document which sets out the technical aspects 
for groundwater management where this natural 
attenuation is being used as the main approach for 
reducing the risks to human health.

Best ways to tackle light pollutants 
(Colin Johnston)
Light non-aqueous phase liquids (LNAPLs) are 
light, oily contaminants that float on the surface 
of groundwater and can be particularly difficult to 
remediate. This study brings together the latest 
and best methods and ideas for remediating them 
in a guide for industry and regulators. It explores 
important technical issues such as the practical 
limits of LNAPL clean-up and identifies gaps in 
current knowledge which research can fill.

Tailoring clean-up agents 
(Dr Yunfei Xi)
Oil and fuel spills are costly, common and 
damaging events worldwide. However certain clay- 
and iron-based minerals and substances like cotton 
fibre display exceptional ability to mop up toxic 
hydrocarbon contaminants. This leading-edge work 
by CRC CARE is developing a new understanding 
of the precise characteristics of these materials that 
enable them to adsorb contaminants in a range 
of conditions, as well as enhancing their ability to 
clean up particular pollutants. Target contaminants 
in this research include organic contaminants (not 
only oil spills) and heavy metals, with a focus on the 
clean-up properties of modified clays.
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Creating healthy indoor air 
(Dr Shaobin Wang)
Because we spend nine tenths of our lives inside, people are 
more exposed to harmful air pollution indoors than out, resulting 
in a growing toll of ill health which costs billions of dollars a 
year. CRC CARE is pioneering a novel form of air filtration with 
potential to radically improve the quality and safety of indoor air. 
This uses visible light and a nanocatalyst to break down and 
remove toxic volatile organic compounds (VOCs) emitted by 
furnishings and building materials, which are among the most 
common indoor air pollutants.

Shedding light on dirty water 
(Dr Shaobin Wang)
Reactive barriers are buried interceptors used to clean up 
polluted streams of underground water, so reducing health 
and environmental risks. In this project CRC CARE researchers 
are developing a novel, highly efficient form of reactive barrier 
capable of completely degrading toxic organic pollutants and 
some heavy metals from the contaminated groundwater through 
a combination of oxidation and adsorption. The method will be 
further enhanced through the use of adsorption and catalytic 
oxidation to break down pollutants. 

Cleaning up urban stormwater 
(Professor Saravanamuthu Vigneswaran)
Rainwater running off city streets often contains a brew of toxic 
substances, including hydrocarbons and heavy metals, which 
threaten the environment and cause this valuable resource to 
be wasted instead of re-used. This research investigates the 
pollutants typically found in urban stormwater and explores 
three different methods for removing them on-site. Its aim is to 
design a novel barrier to intercept and clean stormwater as it 
passes through making it suitable for re-use, so improving water 
conservation in Australia’s cities.

Sludge reduction, TiO2 nanoparticle preparation and 
enhancing water recycling 
(Dr Hokyong Shon)
Water shortages in Australia and worldwide are stepping up 
the pressure for cheaper, more efficient means to cleanse 
wastewater for re-use. CRC CARE is investigating the use of 
special titanium dioxide nanoparticles, which can be produced 
from the sludge resulting from the use of titanium salts as new 
coagulants in water treatment. The photocatalyst produced can 
be used for the removal of persistent organic pollutants from 
recycled water, using natural light as the energy source. This 
promises a lower cost, more effective way to sludge reduction, 
nanoparticle generation and purifying previously used water.

Remediation of acid sulfate soils at East Trinity, Qld, is allowing damaged ecosystems to repair and re-
establish themselves.
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ReseARch pROject hIghlIghts 

1.  Remediation of polycyclic aromatic 
hydrocarbons (PAHs) in contaminated soil

Polycyclic aromatic hydrocarbons (PAHs) represent 
a significant risk to human health, ranging from 
irritation of the eyes, nose and respiratory system 
to more serious damage to red blood cells, 
liver and kidneys. Several PAHs are classed as 
‘probably carcinogenic’ by the International Agency 
for Research on Cancer.

This research compares the effectiveness of 
applying different manures and/or commercial 
NPK fertiliser for biological treatment of soils 
contaminated with PAHs. In particular, the project 
seeks to evaluate the effect on sites with a long 
history of PAH contamination.

Manures being tested include poultry, piggery, 
cattle and horse manure, all commonly applied 
in bioremediation projects, on a range of different 
soils. Treatment conditions (e.g. moisture, 
application rates) and amendment (nutritional 
composition) for optimum PAH load reduction will 
be assessed, and PAH availability in soils influenced 
by different treatments will also be investigated. 

The initial paper review work was completed in 
2008-09. The project aims to generate a PC-based 
decision-support tool by late 2010.

(Partners: UniSA, UNE)

2. Phytoremediation of a landfill site

Australia has thousands of former landfill sites 
containing a wide range of contaminants. Many 
of the sites leach pollutants into local soils or 
groundwater, or may eventually do so. This 
project aims to demonstrate the use of plants 
(phytoremediation) as an effective means of 
managing this problem.

In 2008, Salisbury City Council (north of Adelaide) 
and the CRC undertook to rehabilitate a major 
landfill site, closed since 1997, using three species 
of plants to generate vegetative cover. The aim 
was not only for the plants to pump water from the 
site and thus reduce leachate, but also to extract 
certain metals for removal by harvest. 

The landfill site was capped after closure using 
a heavy soil with a high pH and low in nutrients 
and carbon. The project has applied biosolids in 
response, which are making a major difference to 
soil fertility at the site with bugs and earthworms 
now living in the plots. 

Several species of metal-accumulating plants 
such as Indian mustard (Brassica juncea) and 
sunflower (Helianthus annuus) have been planted 
and are doing well. These species translocate a 
high amount of metals from the soil to the above-
ground shoots, which can then be removed. The 
normally prolific giant reed (Arundo donax) has also 
been planted to see whether the conditions will suit 
it and allow biomass production in economically 
useful amounts.

The long-term vision is to work with the Council in 
the creation of a demonstration site for remediation 
technology which could play a unique role in 
industry and public education.

(Partners: UniSA, FibreCell, Salisbury City Council)

3.  Developing a hydrogeochemical model 
for predicting contaminant production, 
consumption and export from acid sulfate 
soil

Acid sulfate soils, which release large amounts 
of acid upon drying, are an increasing problem in 
cleared coastal land, as well as inland wetlands 
now drying due to drought and over-allocation of 
irrigation waters. Large amounts of sulfuric acid can 
be released into the environment, which kill plant 
and animal life as well as cause toxic metals to 
leach into local waters. 

A successful strategy to arrest and remediate the 
acute problem at East Trinity Inlet, Cairns, was 
developed by CRC CARE researchers, and the 
recovering site linked to a national program of 
training, education and public awareness about 
acid sulfate soils.

Within minutes of the Cairns CBD, the site offers 
a unique opportunity to inform not only local land 
managers and educators, but also large numbers 
of visitors from other states and overseas. A 
comprehensive program of education is well 
underway, with new information from the project 
already feeding into the Queensland education 
curriculum. Visitors so far have included public, 
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school, media, technical and scientific groups, as well as state 
and federal government environment ministers and their staff. 
The Queensland Government is now considering options to 
build on the remarkable educational potential of this site.

(Partners: SCU, Qld DNRW)

4.  Guidance on the performance of LNAPL remediation

It has been estimated that Australia has over 100,000 
underground storage tanks (USTs) for hydrocarbon fuels. Figures 
from South Africa suggest that over 50% of storage sites there 
have a history of leakage. While no exact figures are available 
on leakage into the environment in Australia, any leakage of 
light non-aqueous phase liquids (LNAPLs) such as gasoline and 
diesel, which can float on the surface of groundwater, present 
significant public health risks and challenges for remediators. 

This project aims to:
 
■	 develop a guidance document on the application and 

performance of LNAPL remediation technologies, based on 
existing knowledge, to identify gaps and research needs 

■	 optimise technologies for the remediation of persistent 
organic pollutants 

■	 scale up, test and validate remediation technologies 
■	 generate patent applications 
■	 demonstrate technology outcomes to partners and/or 

potential licensees. 

A draft document was produced in the reporting period, and 
submitted to the CRC and collaborators for technical review. 
This project also forms part of the CRC’s National Contaminated 
Sites Demonstration Program as set out later in this annual 
report.

(Partner: CSIRO)

5.  Reducing exposure to toxic substances in indoor air

Global research is showing that porous titanium oxide 
membranes can play a major role in breaking down the sorts of 
volatile organic compounds (VOCs) that have become a major 
issue in indoor air quality around the world.

In this project, two types of technologies based on different 
catalytic mechanisms are being investigated. In each 
technology, three aspects are being examined: (1) design, 
preparation, modification, and characterisation of effective 
catalysts, (2) catalyst evaluation, optimisation of reaction 
conditions, and kinetic studies for decomposition of VOCs, and 
(3) the effectiveness of physical and chemical adsorption and/or 
incorporating catalysts to destroy adsorbed chemicals.
Research in 2008-09 using acetone decomposition found that 

new types of catalysts prepared in the laboratory had excellent 
levels of performance under visible light and UV radiation 
compared to current commercially available compounds. These 
results are encouraging, and work will continue with the current 
focus for the coming year.

(Partner: CUT)

6.  Gradient permeable reactive barrier for groundwater 
remediation

Pollution of groundwater is commonly a result of leaching from 
old landfill sites or from other dumped or buried wastes. When 
contamination reaches a watertable it can result in a body of 
polluted water or other substances moving down gradient as 
a plume. Much research effort in recent years has focused on 
the potential of in situ reactive barriers designed and placed so 
that the plume passes through them and is remediated in the 
process.

The main aim of this project is to devise an effective permeable 
reactive barrier (PRB) for complete degradation of toxic 
organic pollutants and some heavy metals from contaminated 
subsurface water by combining chemical (advanced) oxidation 
and adsorption techniques. This will involve designing two types 
of barriers:

■ a sequential permeable reactive barrier by using advanced 
chemical oxidation and adsorption/biosorption processes in 
successive reactive barriers, and 

■  a combined process achieving both chemical oxidation and 
adsorption in a single barrier. 

Work in 2008-09 continued the testing of prepared materials 
for adsorption and catalytic oxidation as well as modeling 
simulation based on continuous column trials.

(Partners: CUT, UTS)

7.  On-site remediation of pollutants in stormwater

In many urban locations in Australia, high rates of population 
growth are coinciding with historically low levels of rainfall, 
creating severe water shortages. In this context stormwater 
represents a large, valuable and mostly untapped resource.

At the same time, stormwater contains many contaminants 
generated by human activity, such as polycyclic aromatic 
hydrocarbons, phthalate esters and heavy metals. Once these 
types of micropollutants are released into the environment, 
most of them do not degrade. This runoff therefore needs to 
be treated before discharge to aquatic ecosystems to minimise 
physical, chemical and biological impacts. For this to be 
effective, the contaminants need to be identified and quantified.  
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Three on-site treatment processes are being 
developed in this research project, namely
(1) powder-activated carbon, (2) advanced 
oxidation, and (3) a photocatalytic technique. 
Based on laboratory tests, pilot-scale barriers 
will be established and evaluated, and a model 
constructed to account for the processes and 
outcomes observed. A combination of these 
treatments may prove the most effective approach.

The overall aim of this project is to increase water 
availability to domestic and commercial consumers 
and encourage safe stormwater re-use practice for 
various urban purposes.

(Partner: UniSA)

8.  Removal of persistent organic pollutants 
using titania (TiO2) nanoparticles produced 
from sludge

Water shortages in Australia are leading to an 
increased use of recycled water, seawater, 
stormwater and wastewater. The process of water 
decontamination comprises different stages, 
with flocculation and coagulation an important 
step which removes suspended/dissolved solids, 
biodegradable organics, nutrients and pathogens. 
Currently, aluminium and iron salts as well as their 
pre-hydrolyzed products are used extensively in 
the coagulation of wastewater to remove colloidal 
particles and dissolved organic substances. 
A major drawback of metal-salts flocculation, 
however, is that it produces large amounts of 
chemical sludge requiring disposal. 

A newer flocculation process using Ti salts has 
made sludge reuse possible. At the same time 
the process can return a significant amount of 
titanium dioxide (TiO2) which, given its widespread 
industrial use, is readily marketable.TiO2 is also a 
key component in photocatalysts used in breaking 
down persistent organic pollutants (POPs), which 
are now abundant in our living environment, and 
often toxic. In particular, TiO2 responds to visible 
light rather than UV light (as used in some other 
treatment processes), a major advantage given the 
fact that visible light constitutes 43% of incident 
solar energy, while UV light represents only 4%. 

Research is showing that a dye-TiO2
 

hybrid surface 
can absorb visible light much more efficiently than 
TiO2

 

alone. This project:

■	 has reviewed the effectiveness of wastewater 
coagulation by using Ti salt and compared it to 
other coagulants (Al and Fe salts) 

■	 has produced TiO2
 

from sludge and 
characterised the physical, chemical and 
electronic properties of TiO2 nanorods and

 nanoparticles functionalised with light-
absorbing dyes produced from different 
wastewater sources

■	 aims to identify the most suitable application 
of TiO2

 

nanoparticles produced from different 
wastewater sources. 

(Partner: UTS)

Program 2 research includes investigating the pollutants typically 
found in urban stormwater and exploring different methods for their 
removal.
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Associate Professor 
Enzo Lombi,
Program Leader

pROgRAM OveRvIew

Australia disposed of about 17 million tonnes of solid wastes 
at landfills in 2002-03. In 2004 waste was generated at a rate 
of 2.25 kg per person per day making Australia one of the 
highest producers of waste in the world. The shortage of landfill 
sites and community opposition is forcing authorities to seek 
to adopt management options that minimise environmental 
contamination. 

Safe reuse of contaminated soil and wastes is a potential 
solution to this problem, and is the focus of this program. 
The research will link with other subprograms which involve 
treatment of contaminated soils, permitting their reuse. 

The Prevention Technologies Program aims to explore, assess 
and test innovative approaches for the characterisation, 
reutilisation and management of various wastes. In particular 
it focuses on how municipal, industrial and agricultural waste 
material can be treated and safely used on land with an 
environmental and agronomic benefit.

In particular, the program will target the safe re-use of wastes 
and treated soils, taking into account the groups of wastes and 
potential contaminants that pose major problems in Australia. 
This will be achieved through:

■	 development of new techniques for assessing and 
applying wastes to maximise value and avoid subsequent 
contamination

■	 modification of contaminated soils and wastes by coupling 
bioremediation and immobilisation so as to avoid adverse 
effects

■	 manufacture of slow-release nutrient-rich artificial soils from 
municipal and industrial wastes

■	 techniques for the large scale application of wastes to land 
to enhance crop production, and

■	 techniques for characterising waste materials so they can be 
reused in various ways.

The management of municipal and industrial wastes has long 
been recognised as a key issue in environmental sustainability in 
its own right. However, waste management issues are now even 
more pressing if they are considered in a more general socio-
economic context. 

For instance, the demand for fertilisers in agriculture has been 
increasing and this trend is likely to continue in the future 
due to growth in world population. However, global supplies 
of phosphate are limited, and the cost of fertiliser is likely 
to rise further. Furthermore, there is an increasing need for 
cost-effective remediation technologies due to an increasing 
understanding of the ecological and human health risk 
associated with environmental contamination.

In this context, wastes, their modification and their management 
could play a key role due to their nutrient content and the 
possibility of their use in remediation strategies. At the same 
time this approach will prevent further contamination of the 
environment.

By enhancing the environmental sustainability of waste 
management and disposal, this work will contribute toward 
environmental sustainability. Furthermore, by enhancing our 
understanding of contaminant-nutrient interactions the Program 
is delivering new options for waste management that prevent 
environmental impact and reduce waste disposal costs.

pROgRAM hIghlIghts

■	 a number of industrial and municipal wastes have been 
successfully tested for their capacity to act as sorbing 
agents in the treatment of contaminated water

■	 manufacturing of soil from wastes has been rationalised and 
more detailed work is in progress

■	 the potential and limitations of the use of recycling water 
in various agricultural scenarios are being defined using a 
number of chemical and molecular techniques, and 

■	 metal tolerance of grass species suitable for the revegetation 
of disturbed sites within Australia has been completed and a 
guidance document is being prepared.

Program 3: Prevention Technologies
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plAIN eNglIsh suMMARY Of pROjects

Cleaning dairy discharges 
(Dr Graeme Allinson)
Food processing, especially of dairy products, 
produces large volumes of organic waste in 
quite salty water. To prevent this harming the 
environment requires a biological treatment system 
capable of tolerating saline water while breaking 
down the organic wastes and stripping out their 
nutrients. CRC CARE has undertaken a preliminary 
study on the feasibility of using Arundo donax in the 
development of such a system. The findings from 
this research indicate that further investigation is 
justified.

Adding value to waste 
(Professor Richard Haynes)
Industrialised societies everywhere are increasingly 
challenged by the problem of waste generation and 
disposal. This groundbreaking CRC CARE project 
is investigating a range of common industrial and 
domestic bulk wastes and exploring how they 
can be processed and recombined intelligently 
to make useful, valuable and environmentally 
sound products. The wastes include coal fly-ash, 
red mud, various slags, sewage sludge, cheese-
making effluent, manures and green waste which 
by various processes can potentially be converted 
into soil improvers, landscaping soils, construction 
materials and adsorbants of heavy metal 
contaminants.

New uses for old sands
(Dr Gary Owens)
Metal industries use millions of tonnes of sand 
every year for casting and, eventually, a proportion 
of these sands become ‘spent’ (and potentially 
contaminated by the organic chemicals used to 
bind them) and are usually disposed of to landfill. 
This method of disposal is becoming costly and 
may soon be prohibited in any case. This project 
has carried out a worldwide search for the latest 
ideas on safe, value-added re-uses for old foundry 
sands, and a report is in preparation.

Money from pig manure 
(Charles Wong)
China’s 1.8 million pig farms produce about 140m 
tonnes of solid and 700m tonnes of liquid waste 
every day. This is often illegally disposed of in 
waterways and on land, posing significant health 
and environmental risks. In this project CRC CARE 
is analysing this immense resource with a view 

to designing low-cost, sustainable bioreactor 
technology for converting the waste into a valuable 
source of energy (biogas) and fertilisers for use in 
farm production.

Benign biosolids 
(Associate Professor Enzo Lombi)
Modern cities produce immense quantities of 
biosolids as a byproduct of water or sewage 
treatment: Australia and NZ together generate 
about a third of a million tonnes a year.  These 
biosolids are potentially valuable as organic soil 
improvers – but are often contaminated by toxic 
heavy metals, which preclude their use. In this 
project CRC CARE is investigating the complex 
chemical processes by which metals are fixed and 
released in biosolids, with a view to developing 
products which are safe to use as fertilisers and 
soil amendments, so turning a huge waste problem 
into a valuable new resource.

Greening old mines 
(Professor Neal Menzies)
Old mine sites are often contaminated by 
concentrations of metals such as copper, zinc, 
cadmium, nickel and lead which pose enduring 
environmental, agricultural and health risks. In 
this research CRC CARE is developing a rapid 
screening method for a wide range of pasture 
species, including native grasses, for their tolerance 
to these metals and ability to take them up. The 
goal is to provide mine environmental managers 
with better advice on which plants to use for 
re-greening and rehabilitating old mine sites and 
tailings dumps.

Remediating red mud 
(Charles Wong)
Red mud is the residue of bauxite processing 
for alumina production. It is highly alkaline and 
sodic, making it one of the world’s major problem 
wastes. Australia produces about 30m tonnes a 
year and China 7m tonnes a year, which is mainly 
disposed of in dams and tailings heaps occupying 
large areas of valuable land. This project further 
characterises the chemical content of red mud 
and the scope to apply various amendments so 
it can grow crops capable of producing valuable 
products, such as biomass for energy, and at 
the same time help to remediate the stockpiled 
material.
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High energy plants from degraded land 
(Charles Wong)
China has large areas of barren, degraded or contaminated 
land in need of restoration. This project is investigating the use 
of giant Napier grass, a hardy, drought-tolerant species, for 
restoring fertility and water conservation in these wastelands, 

while at the same time producing biofuels and heat energy.  
The goal is to turn these poor, barren lands into areas capable 
of sustaining agricultural production and producing renewable 
energy, creating both new industry and job opportunities for 
their inhabitants.

Adding value to waste: Cleaning prawn shells 
which, after grinding into powder, can be used 
as adsorbents for heavy metals (left), and 
producing the manufactured soils (below).
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ReseARch pROject hIghlIghts

1.  Re-use of industrial waste and domestic 
waste as nutrient sources

According to Environment Australia, about 26.5m 
tonnes of waste are currently generated in Australia 
per annum – around 1,400 kg per person. Of this 
some 17m tonnes (900 kg/person) are landfilled 
while a further 9.4m tonnes (500 kg per person) 
are recycled. The largest source of total waste 
generation is the building and demolition sector 
(38%), followed by municipal solid waste (36%) 
and then commercial and industrial sources 
(26%) (www.environment.gov.au/settlements/
publications/waste/mbi/study-2003/pubs/study.
pdf).

This project aims to immobilise and/or eliminate 
contaminants so that wastes can be converted to 
useful products. It is engaged with nine different 
enterprises, from steel makers to seafood 
processors and breweries, sourcing waste streams, 
identifying their useful components and developing 
and testing new mixtures and processes to obtain 
materials with valuable characteristics. 

In one activity, inorganic waste (such as steel and 
blast furnace slag, coal fly and bottom ash, water 
treatment sludge and red mud), and organic waste 
(crushed tree bark, compost, filter press mud, 
shellfish waste and yeast waste) are being tried as 
adsorbing agents for heavy metal-contaminated 
wastewaters. Results are showing that both 
inorganic and organic wastes can be used 
effectively to remove metals from wastewaters. 

Other work is investigating how land application of 
effluents from dairy and meat processing factories 
influences soil quality, in particular soil microbial 
activity. The project is also investigating the use of 
organic wastes and clays in the revegetation of red 
mud from bauxite processing. 

Finally, the project team is looking at the use of 
waste products (e.g. slags, red mud, fly ashes) 
as silicon fertiliser sources for sugarcane and rice 
production. Altogether nine research publications 
have been generated so far.

(Partner: UQ)

2.  Handling, disposing and reuse of used 
foundry sands

In the US, ferrous and non-ferrous foundries 
generate more than 6m tonnes of used foundry 
sands (UFS) that can no longer be recycled in the 
foundry process. At the moment 90% of this waste 
is disposed of to landfill as non-hazardous waste 
while only 10% is beneficially reused, typically in 
construction products. In Australia UFS are also 
a significant portion of landfill – e.g. 5.9% in SA, 
almost as much as ‘soil and fill’ (6.5%).

The practice of disposing of UFS to landfill is 
becoming increasingly cost prohibitive and is likely 
to become more difficult as legislation governing 
waste disposal tightens. A more cost-effective 
alternative is to utilise the spent foundry sand in a 
by-product that generates revenue for the foundry.

The potential metal contaminants within UFS 
are related directly to the metal being cast. 
Ferrous foundries are primarily concerned with 
the casting of iron and steel moulds, while non-
ferrous foundries are concerned with other metal 
casting including aluminium, brass/bronze, copper, 
gunmetal, lead, nickel, tin and zinc.

In the early 1980s it became apparent that 
there was also a health concern with UFS due 
to the presence of a variety of PAHs, including 
carcinogenic benzo(a)pyrene. The binder system 
used in the manufacture of sand moulds is the 
primary source of organic contaminants. 

Research in the US now indicates that, in general, 
metals in UFS are not of environmental concern, 
and that total metals in UFS are less than or 
comparable to metal levels in agricultural soils. 

As a literature review, this project has identified 
what research needs to be done on beneficial 
reuse of UFS. The main conclusion is that UFS 
appear to be an underused resource, and that 
further studies should fully document current and 
potential beneficial uses. Finally, research into the 
safety of these blends for the growth of a variety of 
commonly edible crops is well justified. This work 
will be published as CRC CARE Technical Report 
no. 7.

(Partner: UniSA)
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3. Cost-effective remedial technology for piggery waste

Piggery waste poses a serious pollution problem in China. There 
are 1,830,000 pig farms each producing more than 50 animals 
a year, and another 6354 farms with an annual output of 3000 
pigs. Pork makes up 67% of meat consumption in China and 
pig production is one of the largest industries in the suburban 
economy. Because of the sheer scale of this industry and the 
characteristics of the waste generated, waste disposal often 
results in pollution of soil, surface water and groundwater, 
posing a risk for environmental and human health.

This project aims to develop a cost-effective pig waste treatment 
technology to enable farmers to overcome these problems. This 
appropriate technology will be commercialised in China, and a 
commercial-scale pilot project will be built to demonstrate the 
technology. The research aims to include biogas production for 
energy in the solution.

Progress in 2008-09 included the characterisation of original 
and treated piggery wastewater, including nutrients (TN, NH3-N, 
TP), pH, VFA and COD, and the design and construction of a 
recycling anaerobic sludge bed reactor. Removal efficiency of 
the reactor for COD, NH3-N and TP was evaluated, and an 
initial yield of biogas achieved. 

(Partner: HLM Asia Group Ltd, Hong Kong)

4. Investigation and optimisation of metal immobilisation 
in biosolids

The treatment of wastewater from domestic and commercial/
industrial operations results in the continuous production of 
biosolids. Stricter effluent standards and associated upgrading 
of wastewater treatment systems are likely to result in larger 
amounts of biosolids being produced in the future. 

Application to land has major potential as a disposal option. In 
particular it offers the advantage of using nutrients contained in 
the material for productive farming enterprises. However, this 
option has been under intense scrutiny due to the presence of 
contaminants commonly present in biosolids. 

This new project, which began in June 2009, will:

■	 collect and characterise biosolids nationally and 
internationally

■	 optimise metal fixation using bench-scale wastewater 
treatment plant (WWTP) reactors, and 

■	 compare conventional and optimised biosolids in terms of 
bioavailability of nutrients and contaminants. These materials 
will be tested for their agronomic performance as well as for 
the residual risk they may pose.

(Partner: UniSA)

5.  Evaluation of heavy metal tolerance in grass species

Old mine and mineral processing sites are often contaminated 
by concentrations of metals such as copper, zinc, cadmium, 
nickel and lead. Often these metals are in significant amounts 
in stockpiles of waste material that need to be spread and 
revegetated. This research has developed a rapid screening 
method for a range of pasture species, including native grasses, 
that clarifies their tolerance to these metals and their ability to 
take them up. 

As part of this research, hyper-accumulating species and other 
plant species/genotypes differing in resistance to the heavy 
metals of interest were used to characterise the physiological 
mechanisms of resistance. Additionally, research focused on 
three tolerance mechanisms: (1) exudation of complexing agents 
into the rhizosphere, (2) binding of metals in the apoplasm and 
decreased transport into the cell, and (3) prevention of upward 
transport of metal ions into above-ground parts, as well as 
complexation with various ligands in the cell.

In the last year, draft manuscripts have been prepared for the 
large-scale sand culture experiments investigating Zn and Co 
toxicity in native and exotic grass species. Similarly, work was 
completed investigating the short-term effects of trace metals 
on root growth.

It is anticipated that the outcomes of the project will have 
direct application in the mining and refining industries, and 
to a lesser extent in agriculture. At the simplest level the 
availability of a dataset describing the sensitivity of grass 
species used in contaminated land revegetation in Australia will 
permit companies to select appropriate species for use. The 
identification of mechanisms of tolerance may provide a more 
rapid screening tool for species of interest, and may provide an 
opportunity for biotechnologists to produce plants more suited 
for use in phytoremediation. 

(Partner: UQ)

6.  Remediation of red mud disposal sites

Red mud is the residual waste from processing bauxite to 
alumina: it is highly alkaline and sodic and contains silicates, 
aluminium, iron and other metals. Australia produces 30m 
tonnes of red mud per year. China produces 7m tonnes each 
year and has more than 16m tonnes in storage. This waste 
is normally stored in dams or in above-ground repositories 
requiring effluent and dust control. 

In China, large areas of land contaminated by red mud 
disposal are having adverse impacts on the environment and 
human health, and there is a pressing need for more effective 
management and remediation of these sites. This project 
extends our preliminary investigations into the composition 
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of red mud and its potential to grow certain 
species of plants, and conducts further detailed 
characterisation of red mud. In particular it uses 
selective amendments to test the growth of 
different plant species under glasshouse and field 
conditions.

During the last six months of 2008-09, an 
experiment was carried out to detect the impacts 
of four different kinds of amendments on red mud. 
The results show that phosphogypsum could bring 
down the soil pH effectively, and that biomass, 
such as sawdust and turf, has an ability to change 
the physical properties of the soil. Bentonite 
increased the retention of soluble salts. Ryegrass 
was the most suitable plant for reclamation with the 
highest germination rate of 50%. 

(Partner: HLM Asia Group Ltd)

7.  Rehabilitation of degraded land with plants 
for biomass energy

The aim of this project is to restore heavily 
degraded and unproductive land as well as 
contaminated land in China using fast-growing, 
drought-tolerant and high-biomass plants under 
various soil conditions. Hybrid giant Napier grass 
was selected for trials, with the aim of not only 
rehabilitating land by improving soil fertility and 
water conservation but also by producing large 
quantities of biomass that can be used to generate 
heat and power. 

Soil conditions in the study areas include low 
fertility, low water retention capacity, salinity, old 
mining sites and contaminated land, as well as 
unproductive limestone landform in northern 
Guangdong Province. Project planning is now 
complete, and work is expected to begin later in 
2009.

(Partner: HLM Asia Group Ltd)

The CRC CARE China Program includes the investigation of cost-effective remedial technology for piggery waste.
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Dr Roel Plant,
Program Leader

pROgRAM OveRvIew

Clean and healthy soils are critical to sustain both nature and 
people’s needs. Science and technology are only part of the 
solution to problems of environmental contamination. Indeed, 
some believe science to be part of the problem, rather than a 
means to its solution. Finding solutions that balance the needs 
of community, industry and the environment is the key objective 
of the CRC. 

Barriers to community acceptance and industry and regulatory 
action take several forms:

■	 Lack of knowledge about social attitudes to the remediation 
of contaminated land. Presently, social processes 
associated with contaminated land are poorly understood. 
Through social research, improved frameworks for 
remediation and prevention of contamination can be 
encouraged. Moreover, the social impacts of contaminants 
and site contamination are a serious issue within the 
community and regulatory bodies. Where social concerns 
are high and/or the community poorly informed, companies 
can be reluctant to address contamination issues because 
of fear of negative publicity. When issues become highly 
publicised, projects can be delayed for years and become 
caught up in complex political debates.

■	 Lack of incentives for companies to begin assessing 
contaminated sites and, when appropriate, reclaim 
them. In other parts of the world, but not yet in Australia, 
governments have introduced market-based mechanisms 
designed to increase the incentives for industry to invest in 

remediation. There is, for example, considerable scope for 
the introduction of tradeable pollution right mechanisms, 
offset schemes, cost-and risk-sharing innovations, 
security deposits and tax incentives. One of the greatest 
impediments to company involvement in reclamation of 
contaminated sites is community reluctance to pay normal 
prices for land that has been rehabilitated.

 
■	 Legal impediments to the acquisition and treatment of 

contaminated sites. Land contamination also presents a 
significant challenge for the Australian legal profession. 
Typically, legal practitioners retained by a company and the 
judiciary have had little contact with this highly specialised 
area. Therefore companies can be reluctant to deal with 
contamination issues. These barriers to adoption of 
technologies are worsened by corporate fear of expensive 
and uncertain judicial processes. As a result, there are 
significant opportunities to work closely with the legal 
and regulatory bodies to develop legislative approaches 
and increase knowledge amongst legal practitioners and 
regulators. 

The principal objective of the Program is to increase community 
and industry comfort with contamination issues leading 
to increased uptake of contaminated land assessment 
technologies and remedial activity.

The Social, Legal, Policy and Economic Issues Program features 
two subprograms:

1.  Socio-economic issues, including community perceptions 
and acceptance

2.  Legal and policy frameworks.

pROgRAM hIghlIghts

In 2008-09, the Program made excellent progress on two major 
initiatives:

■	 compilation of a substantial collection of laws, regulations, 
policies and guidelines concerning site contamination law 
and policy in Australia and incorporation of this information 
into a new website, the Contaminated Sites Law & Policy 
Directory

■	 completion of a report on the regulatory issues associated 
with in situ remediation.

Program 4: Social, Legal, Policy 
  & Economic Issues
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plAIN eNglIsh suMMARY Of pROjects 

Building consensus about contamination 
(Professor Simon Pollard)
Many communities feel isolated and suspicious 
of decisions taken by authorities about the 
management of contamination in their locality. 
At the same time researchers and environmental 
managers often feel the community is unscientific 
and emotive in its approach. This research 
is developing better forms of community 
communication, consultation and engagement 
in decisions about contaminated land as well as 
practical tools and guidance for managers.

Australian community perspectives on 
contamination and clean-up (Dr Jason Prior)
This research sets out to discover, for the first 
time, the real feelings and values of the Australian 
community towards contamination and measures 
taken for its remediation. In particular it focuses 
on situations where the contaminants are not 
removed from the local area but are treated on-
site. Consulting with a wide range of community, 
government and non-government bodies, it seeks 
to define the social, cultural and psychological 
factors involved in community perceptions on 
contamination and its clean-up.

Value-based decision making for site 
clean-up (Dr Roel Plant)
Remediation in Australia is driven mainly either by 
development needs or public health concerns. 
Other countries are developing broader policy or 
regulatory frameworks in which to base clean-up 
decisions. This research compares the Australian 
approach with others in the Asia-Pacific, especially 
in the context of how public and private parties 
interact with regulators and decision processes. 
It will explore cases where decision making about 
contaminated land might reflect broader social, 
environmental and economic values.

Contaminated Sites Law and Policy 
Directory – Australia (David Cole)
Law and policy about site contamination 
identification, investigation and clean-up share 
some common themes across Australian 
jurisdictions, but state and territory legislation and 
implementation can vary. This project has produced 
a state-of-the-art, on-line directory summarising 
contaminated sites law and policy in Australia. It 
also addresses the nationally agreed standards 
and directions to site contamination assessment 
and remediation that have been adopted by the 
different Australian jurisdictions with a view to 
introducing some national consistency to the issue.

International approaches to site 
contamination law and policy 
(Professor Rob Fowler)
CRC CARE is conducting a ground-breaking 
international study of legal and policy approaches 
to contaminated sites in 15 jurisdictions in Europe 
and North America, with a particular emphasis on 
identifying innovative and advanced approaches 
which may be of value in Australia or other 
countries contemplating new law or policy on 
site contamination. It is also exploring the extent 
to which other federal systems have been able 
to harmonise contamination law and regulation 
among the different jurisdictions.

Safe on-site retention 1 (David Cole)
In many situations it may be safest and most 
sensible to keep contaminants on-site even though 
they exceed the recommended limits. However the 
rules about this vary widely across Australia and 
do not offer clear guidance. This study surveys 
the regulations surrounding safe on-site retention 
of contaminants. It aims to define clear criteria for 
deciding whether on-site retention is appropriate, 
the institutional and legal arrangements necessary 
to ensure effective long-term management of sites, 
and the degree of finality in decisions which allow 
retention of contaminants.

Safe on-site retention 2 (Dr Peter Nadebaum)
In cases where the destruction or removal of 
contaminants from a site is not possible, there 
is a widely recognised need for clear rules about 
when and how they can be retained on site. 
This research develops risk criteria for deciding 
if retention is appropriate, explores long-term 
regulatory arrangements for managing sites where 
contaminants are retained and considers ways to 
manage the risks and their perception by future 
stakeholders.

Clean-up in the Asia-Pacific region 
(Wil van Deur)
This project surveys site contamination law 
and policy in Japan, South Korea, Singapore, 
Taiwan and Hong Kong. It also looks at selected 
countries within the region that do not have 
relevant legislation (China, India, Malaysia, Vietnam, 
Indonesia) to ascertain the level of awareness of 
site contamination issues, current efforts to address 
this issue and willingness to consider legislation.  
International environmental and aid organisations 
are also being consulted with a view to supporting 
projects to develop site contamination law and 
policy in the Asia-Pacific region.
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ReseARch pROject hIghlIghts 

1.  Safe on-site retention of contaminants - regulatory 
approaches and issues: part 1

As the pressure mounts to contain urban sprawl in Australian 
cities, the desirability of higher density, inner-city residential 
development is becoming widely accepted. Former railway 
yards, docklands and industrial sites have become prime targets 
for redevelopment. However, such sites present significant 
challenges with respect to the remediation of the contamination 
that is commonly associated with them. 

The established practice of excavating contaminants and 
disposing of them to landfill (‘dig and dump’) now faces serious 
challenge as policies to reduce the flow of wastes to landfill sites 
are adopted by governments, particularly where wastes are 
deemed hazardous.

One alternative that is economically attractive to developers 
is to leave significant amounts of contamination on the site 
(commonly referred to as ‘in situ retention’) with varying levels 
of physical containment provided, especially where the option 
appears to pose no significant risks to human health or the 
environment. However, it is far from clear that the concept of 
in situ retention has the full support of either environmental 
regulators or the general community.

This project examined a range of legal and policy issues that 
arise where in situ retention is proposed as a remediation 
strategy. It surveyed the current state of relevant law and 
policy across a number of jurisdictions within Australia, and 
explored how the same issues have been addressed in various 
jurisdictions in North America and Europe.

The study concluded, amongst other things, that there is 
currently a lack of sufficient specific policy guidance at the 
national level and also of appropriate legal measures within 
relevant state or territory legislation and policy instruments. It 
found, in particular, that relevant legislation state or territory 
legislation has an ‘open-textured’ character that fails to provide 
specific guidance on remediation options generally, or with 
respect to in situ retention specifically.

The draft report has been well received by industry reviewers, 
and the CRC plans to deliver its findings via workshops and a 
technical publication.

(Partners: UniSA, Vic Urban, EPA Vic)

2.  Safe on-site retention of contaminants - regulatory 
approaches and issues: part 2

The project described immediately above has demonstrated 
the need for a formal process to determine the precise 
circumstances under which contamination can be retained on a 
site at concentrations in excess of published guidelines. 

At present, different regulatory arrangements apply across 
Australia for this situation, and generally they do not explicitly 
provide guidance other than at a broad level. Particular issues in 
this respect include:

■	 the appropriateness of the decisions being made by 
environmental auditors and environmental agencies to 
determine the acceptability of proposals for on-site retention 
of contaminants, and

■	 the nature of longer-term administrative arrangements for 
such sites.

This work aims to develop a risk assessment method to assist in 
determining acceptable approaches to this issue, with selected 
Australian sites considered as case examples. A draft report 
was completed in mid 2009, and good progress was made 
identifying an appropriate methodology on which to base further 
work.

(Partners: UniSA, GHD Pty Ltd)

3.  Community attitudes to in situ remediation of 
contaminated sites

This project is researching and collecting community attitudes 
to in situ remediation of contaminated sites. The information 
will allow a new knowledge base that will assist industry 
practitioners involve the community in making decisions, and in 
so doing contribute to more acceptable and lasting decisions. 
This will also assist the drafting of legislation more in tune with 
community expectations and standards.

Case studies at selected sites involve a number of elements, 
including descriptive accounts, oral history, interviews, surveys 
(phone/online/other) and focus groups. During March-June the 
survey process was completed and the focus group phase of 
the project was commenced. Three draft reports were prepared 
for Botany Industrial Park, one for Cockle Creek, and one 
comparative report.

This research will explore not only the range of community 
responses to in situ remediation, but also the social, cultural and 
psychological factors that underlie these attitudes.

(Partner: UTS)
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4.  Guidance on community consultation for 
contaminated land practitioners

Communities affected by land contamination 
often find the science and regulatory processes 
associated with risk management problematic. In 
particular, the historic ‘decide-announce-defend’ 
philosophy offers few meaningful opportunities 
for engagement in decision processes, and 
communities and individuals frequently feel isolated 
from decisions. Assessments of risk that fail to 
consider those things most important to the 
affected (or potentially affected) parties have little 
credibility, and usually no amount of ‘sales effort’ 
after the fact succeeds in persuading communities.

The aims of this research are to:
 
■  develop support for decision makers and 

regulated parties on community consultation 
and engagement in decisions on contaminated 
land in the form of practical tools, techniques 
and guidance 

■  position the above for Australian contaminated 
sites, demonstrating their practical utility in 
the context of risk-based land management, 
making revisions as needed 

■ support uptake of the above among 
practitioners through national workshops 
and capacity building within CRC CARE and 
Australia as a whole. 

A final draft of the document was completed in 
June 2009, and it is planned to have it ready for 
detailed comment at a workshop at CleanUp 09 in 
September.

(Partners: Cranfield University (UK), UniSA)

5. Review of current law and policy re 
contaminated sites and efficacy of current 
federal-state co-operative measures

Consultant engineers and other parties involved 
in the assessment and clean-up of contaminated 
sites have long needed a comprehensive and easily 
accessible information resource in the complex 
area of contaminated sites law and policy. The 
aim of this project was to produce a complete 
description of current site contamination law and 
policy in each Australian state and territory, and 
also at the national level (including the NEPM on 
site assessment).  

Good progress was made in 2008-09, and all 
information gathered so far has now been placed 
on a new website known as the Contaminated 
Sites Law & Policy Directory (www.cslawpolicy.
com). Its main features are:

■	 an outline of legislation, guidelines and other 
material from selected jurisdictions relevant to 
contaminated site management

■	 an overview of government policies 
■	 links to key legislation and documents
■	 a standard template to enable comparison 

between jurisdictions.

Whilst initially providing information pertaining to 
Australia, the website will evolve to include selected 
jurisdictions in the EU, US, Canada and the Asia 
Pacific region. Initial exposure at EcoForum in 
Sydney in April and a follow up alert to industry led 
to over 220 registered users. 

The need to keep this site updated will be a 
consideration in its role as an industry and 
regulatory resource, and an assessment of its 
commercial viability and independence in the long 
term will be made after international content is 
added.

(Partner: UniSA)

The Contaminated Sites Law & Policy Directory, 
launched in June 2009, currently offers subscribers 
information on the legislation of Australian states and 
territories regarding contaminated sites with selected 
international jurisdictions to follow.
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Professor Ravi Naidu,
NCSDP Coordinator

pROgRAM OveRvIew

The National Contaminated Sites Demonstration Program 
(NCSDP) provides an opportunity to demonstrate integrated 
multidisciplinary solutions to complex land, groundwater and 
air contamination problems and issues across Australia. It 
also provides an opportunity for scientists and consultants 
to test and validate novel site assessment and remediation 
technologies. Demonstration projects within the program are 
sponsored by the Australian Department of Defence (DoD), the 
Australian Institute of Petroleum (AIP), Mobil Exxon, Queensland 
Department of Natural Resources and Water, and BHP Billiton 
Iron Ore Pty Ltd.

The program addresses the following issues that currently 
constrain assessment and remediation of potentially 
contaminated sites:

■	 monitored natural attenuation as a risk-based strategy for 
managing contaminated sites

■	 source characterisation and remediation of sites 
contaminated by chlorinated hydrocarbons

■	 health investigation levels for sites contaminated by 
petroleum hydrocarbons 

■	 impracticability end points for LNAPL remediation
■	 contamination from aqueous fire-fighting foam at fire drill 

training areas 
■	 assessment and remediation of refinery sites
■	 the assessment, prevention and remediation of sites 

affected by acid sulfate soils, and 
■	 remediation of sites contaminated by mining operations or 

processing.

depARtMeNt Of defeNce

Dr Sreenivasulu Chadalavada, 
Department of Defence Program 
Coordinator 

As stated in the Defence environmental strategic plan 2006-09, 
the department is committed to achieving environmental best 
practice and has set policy objectives that provide a holistic 
approach to heritage management and achieving a sustainable 
environment. As part of the department’s strategy to meet these 
goals, it is an active partner in CRC CARE.

The department’s principal policy objective in this area is to 
implement innovative best practice approaches to environmental 
management that achieve Defence and stakeholder 
requirements. 

The demonstration program at CRC CARE focuses on both 
field-based investigation of potentially contaminated sites 
and innovative technologies developed for their assessment, 
prevention and remediation. The department currently sponsors 
several research and demonstration projects by CRC CARE at a 
number of Defence sites.

National Contaminated Sites 
Demonstration Program (NCSDP)
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1.  Bioremediation of TCE-contaminated 
groundwater at Edinburgh

Trichloroethylene (TCE) is a man-made chlorinated 
solvent, used primarily to remove grease from 
metal parts and textiles. In addition to TCE, 
related chlorinated solvents, or volatile organic 
compounds (VOCs), include perchloroethylene 
(PCE), mainly used as a dry cleaning agent with 
some industrial applications including degreasing, 
and dichloroethane (DCE), a breakdown product of 
both PCE and TCE. The objective of this project is 
to develop a suitable cost-effective and sustainable  
technology to remediate TCE-contaminated 
groundwater at Edinburgh RAAF base in SA.  

A series of investigations conducted by CRC CARE 
reveal that the TCE, cis- and trans-dichloroethylene 
(DCE), tetrachloroethylene (PCE) and chromium (VI) 
are the main contaminants involved. Of these, TCE 
appears to be the main contaminant of concern.

Groundwater at the site is aerobic and extremely 
saline in nature and contains high levels of 
carbonate which make bioremediation and the use 
of zerovalent iron ineffective.

This project focuses on developing optimal 
conditions for anaerobic breakdown of TCE using 
several novel bacteria identified in the contaminated 
groundwater. Along with bioremediation, CRC 
CARE scientists are researching conditions 
which limit the reactivity of zerovalent iron. Thus, 
demonstrating a permeable reactive barrier (PRB) 
for treating TCE-contaminated groundwater at the 
site is a key aim. This involves placing a type of 
reactive barrier underground in the path of slowly 
moving contaminated groundwater that has the 
effect of cleaning the plume as it passes through. 
Results obtained so far are promising, and work is 
continuing towards installation of the barrier.

The work at Edinburgh also involves research into 
site treatment using in situ chemical oxidation and 
enhanced bioremediation technologies.

2.  Monitored natural attenuation (MNA) of 
hydrocarbon contamination at RAAF Base 
Williamtown, NSW

Groundwater contamination with petroleum 
hydrocarbon requiring very high clean-up costs has 
been reported at many sites in Australia. Although 
monitored natural attenuation (MNA) has generally 

been widely accepted in the United States and 
Europe, its acceptance as a remedial option by 
regulators in Australia is limited. Often the major 
limitation for the application of MNA is the lack 
of scientific basis demonstrating attenuation of 
contaminants under Australian conditions. The 
main objective of the project is to provide scientific 
evidence for MNA and to use the action of naturally 
occurring bacteria to degrade the contaminants. 

Earlier work in this project involved subsurface 
characterisation, delineation of contamination in 
both the soil and groundwater zones, identifying 
the geochemical indicators of natural attenuation 
and identifying suitable microbes for the 
degradation of contaminants.

The findings so far indicate that adding certain 
nutrients can enhance the degradation of 
hydrocarbons in contaminated soil, and that natural 
attenuation is underway in the contaminated 
groundwater. 

3.  AFFF contamination, monitoring tools and 
bioremediation

Certain types of aqueous film-forming foam (AFFF) 
contain toxic substances that can persist as 
serious contaminants in the soil and groundwater. 
This is now a common problem at airports around 
the world, including those managed by the 
department in Australia. 

The first two years of the project concentrated 
on developing analytical techniques for assessing 
this contamination and a monitoring tool for 
assessment. The field test kit resulting from this 
work has been delivered to the department, and 
staff training conducted. 

New work is underway to extend the kit to deal 
with soil, and to identify micro-organisms able 
to degrade Ansulite AFFF. Other work seeks 
to demonstrate techniques that immobilise the 
contaminants present in AFFF-contaminated soils 
at sites in the NT. 

For more detailed information on CRC CARE’s 
work with the department, contact:
Dr Sreenivasulu Chadalavada, CRC CARE 
(sreenivasulu.chadalavada@crccare.com)
Dr Mark Bowman, Department of Defence 
(mark.bowman4@defence.gov.au)
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AustRAlIAN INstItute Of petROleuM

Dr Prashant Srivastava, 
Petroleum Program Coordinator 

The overarching goal of the partnership between the Australian 
Institute of Petroleum and CRC CARE is to improve the 
effectiveness of expenditure on site contamination issues by 
the AIP member companies and other parties responsible for 
assessment and management of petroleum contamination.

Collectively, AIP members invest a significant amount into the 
assessment, remediation and management of contaminated 
sites every year. It is important both for the AIP members 
and for the community and the environment as a whole that 
this investment is appropriately targeted, through a clear 
understanding and assessment of risks, and that works 
conducted are effectively undertaken through proper selection 
and application of appropriate procedures and technologies.

Even a small increase in the cost-effectiveness of works 
undertaken, through improved efficiencies and avoidance of 
unnecessary or inappropriate works, can represent a significant 
saving and permit greater environmental benefit from the 
allocation of AIP member resources, significantly enhancing 
triple bottom line benefits.

This key goal of improving effectiveness of environmental 
operations will be recognised through achievement of the 
following objectives:

1.  development of new science and technology targeted to 
improved or enhanced site characterisation, risk assessment 
and remediation or management of petroleum-impacted 
sites

2.  development of tools to assist the efficient conduct of site 
assessment and risk assessment of petroleum-impacted 
sites

3.  promotion of consistency in the regulatory approach to 
petroleum-contaminated sites between Australian states 
through provision of science to address contentious issues

4.  provision of training to industry, consultants and regulators 
to ensure site contamination issues are tackled efficiently 
with a broad awareness of best practice.

Collaborative projects initiated under the AIP collaboration 
with CRC CARE involve representatives of each of the major 
jurisdictions, the petroleum industry and a number of expert 
toxicologists. 

Projects currently in progress include:

1.  Petroleum vapour model comparison

The review of National Environmental Protection Measures 
(NEPM) and workshops in Australia over a number of years 
involving regulators, industry representatives, consultants and 
researchers motivated the need to review and recommend 
a model of vapour behaviour for use in the development of 
health-based screening levels (HSLs) in Australia. In particular, 
suggestions from a workshop held in Gold Coast, Queensland 
in February 2008 led to this project on petroleum vapour 
model comparison. The work was completed and has now 
been published as CRC CARE Technical Report no. 9 which is 
available at www.crccare.com/publications/downloads/cRc-
cARe-tech-Report-9.pdf

(Partner: CSIRO)

2.  Development of a harmonised national guideline 
document for characterisation of sites impacted by 
petroleum hydrocarbons

This document provides important information on the properties 
of petroleum hydrocarbons and their potential environmental 
and human health effects. It recommends strategies for site 
management, methods for conducting site investigation, data 
presentation and reporting. The document has been submitted 
to the NEPC for the review of the NEPM variation team and 
is likely to be fed into the revised NEPMs. The final report has 
been published as CRC CARE Technical Report no. 11 and is 
available at www.crccare.com/publications/downloads/cRc-
cARe-tech-Report-11-fINAl.pdf 

(Partner: CH2MHILL)

3.  Development of petroleum hydrocarbon soil and 
groundwater health screening levels (HSLs)

A working draft HSL document was endorsed by the Project 
Advisory Group (PAG) in its February 2009 meeting in Sydney, 
and was submitted to the NEPC for consideration by the 
NEPM variation team. The document is also being reviewed by 
international experts. In addition, an applications document, a 
sensitivity assessment document and a model were developed. 
The PAG has reviewed the additional HSL work and discussed it 
with the NEPM variation team. The HSLs are also likely to be fed 
into the revised NEPMs.

(Partner: GHD)
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Demonstration Program

4.  Guidance on the performance of LNAPL 
remediation

This project is aimed at developing a formative 
guidance document for assessing LNAPL 
remediation by reviewing the technical performance 
of LNAPL remediation in various settings. Gaps in 
understanding and knowledge will be identified, 
with draft guidance developed based on current 
understanding. It is recognised that further stages 
of work will be required to fill these knowledge 
gaps, so a comprehensive and complete guidance 
document can be developed. This scope of 
work has developed from a strong industry and 
regulatory need for guidance on the selection 
of LNAPL remediation technologies for meeting 
appropriate levels of risk. The project will identify 
the research requirements for addressing gaps to 
be filled in a completed, comprehensive guidance 
document.

(Partner: CSIRO)

Additional project: Modelling and field 
assessment of vapour intrusion threats – review 
and national guidance 

In addition, the project ‘Modelling and field 
assessment of vapour intrusion threats – review 
and national guidance’, which falls outside the 
AIP group of projects, has prepared a guidance 
document on field assessment of vapours for 
inclusion into the NEPMs. It will be published as 
CRC CARE Technical Report no. 13 once finalised.

exxONMObIl pROject At pORt 
stANvAc, sA

The Port Stanvac Project was initiated to assess 
contamination and risk-based management options 
for the now disused Port Stanvac oil refinery site on 
the coast south of Adelaide. The primary concern 
at the site is the risk from petroleum hydrocarbon 
contamination of groundwater and the coastal 
environment and the threat this poses to people 
and local ecosystems.

The Port Stanvac project began in October 2007 
when the CRC brought together researchers and 
consultants from the Centre for Environmental 
Risk Assessment and Remediation (UniSA), Coffey 
Environments Pty Ltd and Flinders University 
to undertake contaminant characterisation and 
develop risk-based management options for the 
refinery site. 

Research activities in relation to the project are 
divided into three areas with seven phases of work 
in each.

1. Wharf road/foreshore/ballast tank farm 

Findings here will be relevant to any decision to 
use enhanced monitored natural attenuation for 
the remediation of groundwater, as well as in the 
application of a ‘clean-up to extent practicable’ 
strategy. The contaminant source, nature and 
occurrence need to be understood, together with 
the hydrogeological conditions and the effect of 
the ‘salt water wedge’. A detailed hydrogeological 
model summarising the findings of completed field 
work has been completed. So far, phase 1 has 
been completed and phase 2 is nearly complete. 
Research work under phase 5 is currently being 
undertaken. 

2. Ex situ soil bioremediation cell 

The site has a large volume of soil stockpiled that 
may require treatment. Bioremediation will be 
assessed as a treatment option for hydrocarbon-
contaminated soil, using the existing infrastructure 
on the site. So far, phase 1 has been completed 
and phase 2 is nearly complete. Research work 
under phase 5 is currently being undertaken. 

3. In situ bioremediation plot 

An assessment of the extent and severity of 
contamination around a selected location will 
be undertaken and, following contaminant 
characterisation, strategies developed for in situ soil 
remediation. It is envisaged that these strategies 
may also be applied at other locations on the site. 
So far, phase 1 has been completed and phase 2 is 
nearly complete. Research work under phase 5 is 
currently being undertaken. 

The main outcome of the project will be to prepare 
a remediation plan that will eventually allow 
industrial re-use of the land according to SA EPA 
guidelines.

For more detailed information on CRC CARE’s work 
at Port Stanvac or with the AIP Program contact: 
Dr Prashant Srivatava (prashant.srivastava@
crccare.com)
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bhp bIllItON IRON ORe ptY ltd

Andrew Graham, 
BHP Program Coordinator

Overview

BHP Billiton Iron Ore Pty Ltd (BHPBIO) recognises the impact 
its activities can have on the environment, and is committed to 
sustainable environmental management principles. This includes 
the protection of land and water resources.

BHP Billiton’s Contamination Management Strategy provides 
a framework for addressing contamination issues, and aims to 
achieve the sustainable use of land, air and water resources 
while achieving core business objectives.  

projects

The Nelson Point Groundwater and Soil Investigation project is 
essentially complete with a final draft report having been issued. 
Some updates to the hydrogeological modelling will be included 
in this report as additional information comes to hand.

Preparations have been made for the Finucane Island 
Permeable Reactive Barrier (PRB) project and the Nelson 
Point Mixed Contaminated Soils project which are both due to 
commence in late September 2009.

Site ranking software is being developed with enhanced visuals. 
It has been recognised that in order to enhance the user-
friendliness of the system it will be transferred to a Windows-
based environment with pull-down menu capabilities and further 
enhanced graphics.

current projects

The Nelson Point Groundwater and Soil Investigation project 
was essentially completed on 30 June 2009 with the issue of a 
final draft report. Following their review, BHPBIO endorsed the 
report but have also asked that the hydrogeological component 
be left ‘open’ so that some further work can be undertaken 
where some gaps have been identified. This is covered in the 
project’s current budget.

Finucane Island permeable reactive barrier (PRB) – This 
project is ready to commence with the next step being the 
collection of groundwater samples (approximately 800 litres) for 
the purpose of column studies at UniSA. A full sampling and 
analysis program has been produced by CRC CARE. 

Nelson Point mixed contaminated soils – Using historical and 
current information, it was determined that this proposal would 
target three areas that are not only highly viable options for 
bioremediation but are also likely to deliver the methodologies 
for bioremediation at other areas within the BHPBIO business.

This project requires the collection of 208 drill-hole samples (soil 
samples) and is earmarked to commence in late September 
2009, based on the availability of the drill rig.

For more detailed information on CRC CARE’s work with BHP 
Billiton Iron Ore Pty Ltd contact:  
Andrew Graham (andrew.graham@crccare.com)

AcId sulfAte sOIls At eAst tRINItY 

The CRC’s project in partnership with the Qld Government 
at East Trinity near Cairns, Queensland, is the world’s most 
successful demonstration of the remediation of a large area 
of acid sulfate soils using lime-assisted tidal treatment and re-
flooding. This work is pioneering technologies with application 
at many sites around the world where coastal and marsh areas 
have been drained for development, turning them acid.  

The acid crisis at East Trinity began in the 1970s when 
developers installed a seawall and tidal gates, and drained and 
cleared 740 hectares of tidal wetland to grow sugarcane. This 
dried out underlying acid sulfate soils causing them to release 
slugs of highly acidic water as low as pH 2.5, causing fish kills  
and destruction of wetlands which alarmed local residents. In 
the first 25 years following this land development, an estimated 
72,000 tonnes of sulfuric acid was released into Trinity Inlet.

Today East Trinity is a world-class demonstration of large-scale 
restoration in action. Mangrove and wetlands are returning, 
birdlife is flocking to the area and fish abound in creeks that 
once ran so acid that nothing could live in them. Collaboration 
between the Queensland Department of Natural Resources 
and Water, the Queensland EPA, CSIRO, CRC CARE and 
Southern Cross University has turned East Trinity into a National 
Demonstration Site for coastal wetland remediation and 
restoration.

Specific progress in 2008-09 has involved the continuing 
management of the now fully operational Lime Assisted 
Tidal Exchange system that is underpinning the progressive 
rehabilitation of the site, analysis of samples collected during 
October-November, and the submission of two journal papers.

(Partners: SCU, QDNRW)
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China Program

Dr Hui Ming, China 
Program Research 
Coordinator

bAckgROuNd

Environmental pollution is of great concern to 
the people of China and is proving to be one of 
the major challenges confronting the country 
today. A 1998 World Health Organisation (WHO) 
report states that of the ten most polluted cities 
in the world, seven can be found in China (US 
Energy Information Agency). While the number 
of contaminated sites is not recorded in China, 
extensive contamination of air, soil and surface and 
groundwater has been reported.  

Recognising the need to develop cost-effective and 
sustainable technologies to assist China remediate 
contaminated sites and better manage wastes, 
HLM Asia Group Ltd invests significant cash and 
in-kind resources in CRC CARE to assist with 
capacity building and the development of cost-
effective assessment and remediation technologies. 

the ReseARch pROjects

Research in China commenced following the 
establishment of CRC CARE in early 2005. 
Prioritisation of projects in China is based on:

contamination severity, extent and impact on (a) 
human and environmental health
land degradation impacts on people, the (b) 
economy and food in China and other 
developing countries
a focus on projects with non-commercial (c) 
products, especially those that improve human 
and environment health in China and other 
developing countries
limited resource investment in projects that (d) 
might lead to commercial outcomes, and
ensuring that projects address CRC CARE (e) 
research milestones.

CRC CARE China Program

The remediation of red mud waste from alumina production in China through revegetation with 
grasses.
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Table 5: Research collaboration in China in 2008-09

Project Impacts

(a)   Sustainable management of red mud residues 
      Huazhong University of Science and Technology

The storage of large amounts of red mud with high alkalinity occupies 
valuable land in China. Its leachate can also contaminate groundwater 
and community water supplies. Successful revegetation with high 
biomass species would not only reduce leaching but also offer the 
prospect of a new energy source, making good use of current wasteland.

 (b)  Municipal wastes to energy  
      Huazhong University of Science and Technology

Large volumes of municipal waste in landfills represent a significant 
hazard to public health and the environment. This project looks at 
converting waste to power for community use.

(c)  Rehabilitation of degraded land with plants for 
biomass energy 

      College of Yingdong Bioengineering, Shaoguan 
University

Deforestation and mine site degradation result in significant impacts 
on land, water and the local community. Possible benefits from this 
research include soil stability, improved water quality and products from 
reforestation.

(d)  Cost-effective remedial technology for piggery 
waste

      Huazhong University of Science and Technology 

Piggery waste is a significant health hazard, causing environmental 
pollution in local communities. This work aims to develop a low-cost 
technology for managing pig-farm waste and establish a commercial 
model for pig-farm fertiliser and biogas management.

Projects commissioned in China have a strong element of 
human and community well-being. Their success is expected to 
provide a cleaner environment and greener, cheaper power to 
impoverished people. All the above projects address CRC CARE 
milestones, and papers and other documents arising from these 
activities are included in the lists of CRC publications.

capacity building in china

The CRC’s Education Program is the key to building capacity 
in China. In 2008-09 PhD research in both China and Australia 
involved eight PhD and six Masters students working on projects 
at Huazhong University through an ongoing partnership with 
CRC CARE partner HLM Asia Group Limited. A further seven 
students are enrolled at the University of South Australia under 
that university’s President’s Scholarship scheme. The agreement 
between Professor Xiao Bo and Professor Naidu allows for ten 
PhD students to be trained in China with joint Australian-Chinese 
supervision. 

All current PhD research in the China Program addresses 
CRC CARE milestones and focuses on basic research with 
knowledge creation being the focus.

Two workshops were held in China during the year giving 
students the opportunity to present aspects of their work to 
the Managing Director and the China Program Leader (both 
Adelaide based), as well as their local colleagues. The talks 
were:

1.  Presentations at CRC CARE (Australia-China) 
Communicate 08 Workshop, Wuhan, China, 14 July 2008

Jiakuan Yang - Red mud pollution and recycling
Luchun Duan, Edwin Chen, Bo Xiao - Red mud remediation - 
seedling germination
Zhiquan Hu, Bo Xiao - Polluted soil and water remediation - 
preliminary glasshouse study
Wenqi Gong - Development of mineral/wastes-based 
environmentally friendly materials

 2007 2008 2009 2010 2011 2012

2 students

3 students

3 students

2 students

Table 6: CRC CARE’s PhD student enrolment program in China 
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China Program

Bo Xiao - Hydrogen production from biomass or 
municipal solid waste
Chang Liu - Pig waste disposal and the 
comprehensive utilisation of resources.

2.  Presentations at CRC CARE (Australia-
China) Communicate 09 Workshop, Wuhan, 
China, 16 June 2009

Jiakuan Yang - Review on red mud: solid waste 
residues in extraction process of alumina from 
bauxite in China
Luchun Duan - De-alkalisation of red mud for 
phytoremediation
Wanchao Liu, Jiakuan Yang, Bo Xiao - Recovery 
of iron and alumina from Bayer red mud
Maoyun He - Catalytic gasification of municipal 
solid waste (MSW)
JianXiong Kang, Zhan Wei - Wastewater 
treatment system for a slaughter house
Ying Li - A recycling biological reactor for piggery 
wastewater treatment
Guifen Peng, Chang Liu - Effect of low-intensity 
ultrasonic radiation on anaerobic biodegradability of 
sewage sludge
Zhiquan Hu - The integrated design of a biogas 
reactor and composting plant
Xianjun Guo - Air stream gasification of biomass 
micron fuel in a cyclone gasifier

Siyi Luo - A novel pre-treatment of biomass for 
production of biomass micron fuel
Chongjian Ma - Rehabilitation of degraded land 
with plants for biomass energy 
- Pennisetum hydridum seedling propagation, 
cultivation technology and ecological impact study
Feng Yan - High quality bio-oil production by 
synthetically utilised products of fast pyrolysis and 
liquefaction of biomass.

china cRc cARe scientists and engineers 
add value to Australian research

The research team in China include an outstanding 
group of environmental engineers who have the 
capacity to rapidly scale up technologies from 
bench top to pilot scale. This provides significant 
advantage to Australian scientists who are 
at the forefront of laboratory-based research 
but lack the ability to scale up technologies.  
Following successful patent applications of 
Australian technology, CRC CARE will engage its 
partner engineers in China to scale up our new 
technologies, in much the same way as many 
multinational companies now do. Exchange of 
staff and students under Chinese Government 
fellowships enhances this program.

 

CRC CARE China Program collaborators (top) 
and students (right).
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In its fourth year CRC CARE has pursued extensive 
collaboration in all its major programs. These ranged from 
proposal development through to advisory panel assessment, 
research, demonstration sites and industry training programs.

CRC CARE’s research and demonstration nodes are distributed 
widely across Australia and the globe. They include hubs in 
South Australia, Western Australia, Victoria, Queensland and 
New South Wales. Internationally we have collaborations in 
China, the US, Germany, the UK, India, Switzerland, Singapore, 
New Zealand and Bangladesh.

Important collaborative linkages continued to build across the 
CRC in 2008-09, with BHP Billiton Iron Ore Pty Ltd and James 
Cook University formally joining the CRC.

A major new development was the creation of the myCRC 
CARE website, a service for all partners and collaborators 
that enables members around the nation to track all the 
events, meetings and documents associated with all the 
CRC’s projects and committees. This greatly facilitates the 
administration of these important elements and enhances 
internal communication. 

The National Contaminated Sites Demonstration Program, 
where new technologies for remediation and assessment are 
assessed, validated and demonstrated for industry and the 
public, now has sites in South Australia, New South Wales, 
Queensland and Western Australia.

NAtIONAl ANd INteRNAtIONAl cOllAbORAtION

CRC CARE has continued a program of intensive networking 
with state and national government agencies, industry bodies 
and small, medium and large enterprises to accelerate the path 
to adoption of its technologies. It has also continued to build its 
international links. 

Examples of productive international and national collaboration 
with organisations other than the CRC’s formal partners include:

german partnership

German research agency RUBIN and remediation experts Mull 
Engineering gmbh maintained their role in one of the CRC’s 
demonstration clean-up projects to assist in the deployment 
of permeable reactive barrier technology for the treatment of 
contaminated groundwater.

Indian MOus

CRC CARE and the Indian Institute of Technology, Kanpur (IITK) 
maintain a memorandum of understanding to work together on 
research projects and the training of experts in contamination 
risk assessment and clean-up. IITK ranks as one of India’s 
premier research institutes and is known worldwide for its 
technological and engineering expertise. The agreement also 
offers opportunities for Australian companies specialised in 
clean-up technologies to take advantage of the rapid growth of 
the Indian market.

A second agreement is also operational, with Bharatiar 
University, India, aimed at collaboration in the development of 
novel nanomaterials for remediation. The agreement provides for 
the exchange of both staff and students.

A MOU with the Indian Department of Defence is currently 
being finalised for work on contaminants and nanosensors and 
nanoremediation technologies.

New Zealand partners

Researchers from HortResearch NZ continue to collaborate with 
CRC CARE on the development of ways to predict the uptake 
by vegetable crops of heavy metals and other contaminants 
from waste-amended soils and their risk to human health.

usA collaboration

Professor Suresh Rao of Purdue University, a world leader 
on groundwater remediation, is a member of the CRC’s R&T 
Committee advising CRC CARE on flux-based approaches to 
characterising contaminant sources in groundwater.

US companies VeruTEK and Pelorus are involved in the CRC’s 
research into the use of chemical oxidation techniques for 
groundwater remediation.

uk partners

CRC CARE continues to work with risk management expert 
Professor Simon Pollard of Cranfield University, UK, on risk 
communication.

CRC CARE researchers are also collaborating with Lancaster 
University for joint research into metal speciation in aqueous 
samples.

Research collaborations
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Research collaborations

singapore 

CRC CARE researchers and the National 
University of Singapore continues collaboration 
on nanomaterials including the characterisation 
of clays and synthetic materials potentially used 
for wastewater and soil remediation. Through this 
collaboration two students have used equipment 
not currently available at their university in Australia.

bangladesh project

The CRC is linked to Dhaka University and Dhaka 
Community Hospital in Bangladesh on the issue 
of arsenic contamination of drinking water and the 
local food supply, a problem affecting an estimated 
40 million people in that country and a further 30 
million in West Bengal, India.

dstO alliance

CRC CARE and the Defence Science and 
Technology Organisation are collaborating on the 
use of modified natural materials for remediating 
contaminated sites.

Acid sulfate soils alliance

CRC CARE, UNE and the Queensland Department 
of Natural Resources and Water continue 
their collaboration at the East Trinity site, near 
Cairns, as a demonstration site for large-scale 
restoration of acid sulfate soils. Further groups of 
international visitors inspected the site during the 
year, in particular to review the Lime Assisted Tidal 
Exchange methodology behind the successful 
rehabilitation strategy.

china program  

See the previous section on the CRC’s National 
Contaminated Sites Demonstration Program 
(NCSDP) for an account of the CRC’s China 
Program.

(above) CRC CARE’s Professor 
Ravi Naidu with members of the 
hydrogeology team at Lüneburg, 
Germany.
  
(right) The acid sulfate soil 
demonstration site at East Trinity, 
near Cairns (Qld).
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stRAtegIes ANd ActIvItIes

The 2008-09 year has seen significant commercial activity, with 
CRC CARE having successfully filed two additional provisional 
patent applications and taking one existing provisional patent 
application to the international patent stage. This is in addition 
to the two patents reported in last year’s annual report, making 
a total of four since the CRC’s inception.

International patent application no. wO 2009/046491; 
Anionic surfactant detection
 
Potential product: Anionic Surfactant Test Kit
 
The Anionic Surfactant Test Kit promises to provide a new safe, 
sensitive and reliable field-based method for the detection of 
anionic surfactants in the environment. The kit at this stage 
of development is for use with water samples, and research 
is continuing to develop the kit further for application to soil 
samples. The kit has broad application including the detection 
of residue from fire-fighting foams (aqueous film-forming foams 
or AFFF) that are based on anionic surfactants including Light 
Water and Ansulite. A prototype of the kit has been rolled out to 
a client for in-field testing and validation, with the assessment of 
its international market potential occurring concurrently.

Potential benefits of the technology:

■	 rapid, cost-effective and safe field based results 
■	 cheaper, safer and faster turnaround than the current 

laboratory-based MBAS test
■	 provides an accurate measure of the changing level of soil 

contamination as contaminated soil is excavated from a site, 
thereby reducing the costs of:
o contaminated soil transport and disposal 
o labour
o plant and equipment hire.

Australian provisional patent application 
no. 2009900643; photocatalyst and method for 
production 
 
Potential product: A cost-effective wastewater treatment 
process that is capable of removing persistent organic 
compounds and surfactants from wastewater. 

Potential benefits of the technology:

■ removes persistent organic compounds from wastewater, 
delivering water of a high purity, allowing reclaimed water 

 to be used in a greater number of ways

■ the material used by the system is easily retrieved from 
cleaned water for reuse

■ it uses the sun as an economic and ecologically sustainable 
light source in photocatalysis (lowering operational costs)

■ this system can assist a company to reduce their 
wastewater management and freshwater supply costs.

The technology is being scaled up to a prototype and tested 
through a trial to remediate 500 kilolitres of wastewater for one 
of our partner organisations.

Australian provisional patent application 
no. 2008906348; modified clay sorbents
 
Potential product: A wastewater treatment process that can 
remove heavy metals and harmful organic compounds from 
water and soil in a cost-effective way.

Potential benefits of the technology:

■ a remediation process that is cheap, effective, easy to use 
and easy to recover

■ value add potential for the natural clay industry
■ the remediation of land and water will increase the availability 

of these resources, delivering significant economic value.

The technology is being scaled up for full trial on the remediation 
of recalcitrant organic contaminants.

uptake by industry 

At this stage there are no spin-off companies or 
commercialisation arrangements with industry in relation to 
specific products, although a number of research outcomes 
hold substantial promise in that regard. However, many current 
projects are end-user led and there is significant support from 
these organisations for the uptake of final products generated 
at the completion of these joint initiatives. For example, projects 
prioritised by the Department of Defence are now being 
scaled up to either manage and/or remediate contaminated 
wastewater and soils. This will provide much needed validation 
of our technologies for commercialisation. In addition to Defence 
inititives, the section in this report on the Australian Institute of 
Petroleum (p.52) and the remediation work at Pt Stanvac sets 
out the related CRC projects and indicates good uptake of 
results – e.g. the CRC’s work on new ‘health screening levels’ 
being adopted in the national NEPM system represents full 
justification of the research and an ideal uptake for work of this 
nature.

Commercialisation and utilisation



61

A
N

N
U

A
L

 
R

E
P

O
R

T
 |

0
8

–
0

9

Commercialisation & utilisation

The CRC’s new Technical Report series is currently 
dominated by documentation serving the needs 
of the petroleum industry, in particular scientific 
information that underpins strategies to remediate 
sites contaminated by petroleum products. This 
approach has helped the CRC to consolidate 
and further build its relations not only with major 
players in the petroleum industry, but also with the 
array of SMEs that provide consulting services in 
the field. For example, CH2MHILL Australia Pty 
Ltd, a major Australian player in the contamination 
and remediation field and a partner in the CRC, 
requested and distributed copies of CRC CARE 
Technical Report no.11 on site characterisation to 
its clients. 

The CRC has also invested substantial resources in 
a joint trial with FibreCell Australia Pty Ltd (a small-
to-medium enterprise) on the remediation of a 
disused landfill site using several species of plants, 
with a view to commercially attractive biomass 
production as well as the prevention of further 
leaching of contaminants to groundwater.  

The CRC continues to deliver well on its planned 
milestones in regard to uptake and technology 
transfer to industry, and this has been documented 
in the electronic reporting process to DIISR. 

As many of its initial projects draw to conclusion 
mid way through its term, the CRC has developed 
a detailed strategy to deliver its findings to users. 
One route is through new training workshops for 
practitioners, as set out in the section on education 
and training in this annual report. The other is 
through the systematic identification of the most 
valuable project outputs and their most promising 
market. Strategies are developed around the best 
opportunities, delivery plans drawn up, IP matters 
managed, and information, techniques or new 
technology delivered via a range of established or 
innovative communication channels. 

cRc web product launched 

An example of information compiled into a 
specialist product for use by industry and 
regulators is the CRC’s Law & Policy Directory 
launched in 2009 from its Social, Legal, Policy and 
Economic Issues Program. 

The Directory (www.cslawpolicy.com) is a unique 
web-based source of information about the legal 
framework surrounding contaminated sites that 
will provide users with a clear understanding 

of the legislation, guidelines and government 
policies that underlie the approaches taken by 
authorities in addressing the issue of contaminated 
sites management. The product arose from 
a comprehensive analysis of the regulatory 
processes and responsibility allocation relating 
to contaminated sites. Consultants, regulators, 
lawyers, petroleum and mining engineers, local 
government planners and engineers, academics 
and property developers, and anyone with an 
interest in contaminated sites will benefit from this 
legal resource.

Whilst initially providing information pertaining to 
Australia, the website will evolve to include selected 
jurisdictions in the EU, US, Canada and the Asia-
Pacific region. 

Many CRC CARE projects focus on the creation of 
knowledge for the benefit of industry. 2008-09 saw 
the publication to the web of the CRC’s first eight 
Technical Reports, listed in the publications section 
in this report.

INtellectuAl pROpeRtY MANAgeMeNt

CRC CARE has the essential mechanisms in place 
to ensure adherence to the National Principles of IP 
Management.

Provisions within the Commonwealth and 
Participants Agreements provide the key elements 
for intellectual property management. In addition 
to the Agreements the Company has implemented 
appropriate policies and procedures including 
those for:

■	 identification and disclosure of IP
■	 assessment of existing IP
■	 protection of IP
■	 record keeping via an IP register
■	 business case development and approval
■	 benefit sharing.

Oversight of these policies and related activities 
is the responsibility of the Commercialisation 
Committee.

Whilst CRC CARE has been successful in filing 
two provisional patent applications and one 
international patent in the 2008-09 year, no 
registered IP has been sold, transferred or licensed 
for commercialisation in this period.
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cOMMuNIcAtION stRAtegY 

Overview

CRC CARE’s communication plan supports the CRC’s business 
goals by:

■	 enhancing the impact of CRC CARE research on the nation, 
through early awareness and adoption

■	 increasing stakeholder and public awareness of the 
contamination issue and strategies to overcome it in a cost-
effective way through science

■	 raising awareness of CRC CARE as Australia’s, and the 
Asia-Pacific region’s, premier source of scientific advice and 
expertise on contamination, risk and remediation issues

■	 publicising the achievements of CRC CARE and its partners 
to industry, government and the nation, and 

■	 assisting in the development of new research and business 
partnerships by raising awareness of CRC CARE’s research 
capability, partner network and achievements.

The multi-faceted communication program provides regular 
information to CRC partners, industry, government agencies 
and the community via the media. It includes the CRC website, 
industry workshops and conferences as well as media releases 
and articles aimed at industry and the wider public.

The highlights of CRC CARE’s communication program in 2008-
09 were:

■	 the launch of the CRC’s new industry newsletter Remediator
■	 publication (as pdfs) of the first eight of the CRC’s Technical 

Reports
■	 consolidation of the Australian Remediation Industry Cluster 

(ARIC)
■	 the development and launch of an internal website 

(myCRC CARE) to serve the needs of the CRC’s industry 
collaborators and participants in the critical network of CRC 
advisory and research committees. 

In addition, the CRC developed a new strategy to deliver 
research outcomes as the first round of three-year projects 
ended. All completed projects are now reviewed and actions 
planned using a ‘delivery plan’ template that steers the 
communication actions most appropriate for the results and 
the end-user industry. These may be printed or electronic 
information products, for example, or new techniques, new 
technology or associated training.

A staff change in the communication area in 2008-09 involved 
the conversion of the communications officer role into that of 
a publications officer, and the appointment of Meredith Loxton 
to that position. Apart from the activities directly planned and 
managed by the two staff who make up the communication 
team, a substantial amount of time was dedicated to servicing 
the various staff needs in writing, editing, graphics, publishing 
and publicity for a range of CRC activities. 

communication activities and marketing

Conferences, exhibitions and presentations

CRC CARE’s research staff have presented and given keynote 
papers at a number of international and national conferences, 
and these are listed in this report in the publications annex.

Displays of CRC research were staged at National Science 
Week (Adelaide, August 2008), the SETAC World Congress 
(Sydney, August 2008), EcoForum (Sydney, April 2009), and the 
Amazing World of Science public exhibition as part of the CRC 
Association Conference (Canberra, May 2009).

CRC CARE was a platinum sponsor for EcoForum 2009 in 
Sydney, where the CRC also managed a process to register 
interest in its then pending legal issues website, later launched 
as the Contaminated Sites Law & Policy Directory. The CRC 
has received excellent feedback from industry and commercial 
stakeholders in this initiative, with over 260 registrants by July 
2009.

Much prepatory work was undertaken during the year on the 
3rd International Contaminated Site Remediation Conference 
and 5th International Workshop on Chemical Bioavailability, to 
be held in Adelaide in September 2009. 

Australian Remediation Industry Cluster

Launched in 2007, the Australian Remediation Industry Cluster 
(ARIC) represents a unique network of Australian expertise in 
environmental remediation. Formed to foster the development 
of new skills and technology to combat contamination, ARIC 
is emerging as Australia’s key professional association in the 
remediation field. As such it is set to play a significant scientific, 
technical and advisory role in a rapidly expanding national and 
international clean-up market.

ARIC’s brief is to:

■	 provide a unique platform for SMEs and other organisations 
to develop a common position on contamination issues that 
are economically, socially and environmentally challenging

■	 liaise with government and advocate policies, action and 
solutions on contamination issues

■	 build relationships with national and international researchers 
in the assessment, remediation and prevention of 
contamination, and

■  foster expertise and capacity amongst Australian SMEs.

ARIC consolidated well in 2008-09 through an extensive 
program of industry consultation and networking in 2008 by 
the CRC’s Industry Collaboration Manager. ARIC Update, a 
newsletter to members, was created and launched, and work 
was begun on a new interactive website for members with 
an innovative ‘solutions generator’ facility. A new e-magazine 
Remediation Australasia was also conceived and planned for 
release in September 2009.
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CRC CARE Workshops

Workshops are a key part of CRC CARE’s outreach 
strategy, enabling quick transfer of information 
between researchers, industry and regulators. 
During the year 500 industry representatives 
attended nine workshops organised by the CRC 
or in which the CRC had a major training role. A 
full list of workshops and seminars is reported in 
the Education and Training section in this report.

Website

The CRC CARE website, www.crccare.com was 
upgraded in several respects in 2008-09. The 
main development was ‘myCRC CARE’, a new 
internal site to allow the posting and exchange 
of information in support of industry and agency 
stakeholders participating in the CRC’s various 
advisory and technical committees. Members 
can now log on from their desks, wherever 
they are based, and post or retrieve information 
about meeting agendas, times and background 
documents, as well as join on-line discussion 
groups. 

Single paragraph ‘plain English’ summaries of all 
the CRC’s research projects were also prepared 
(and included in this report), and will be added to 
the project pages on the website. The intention 
is to provide interested but non-technical readers 
with a clear explanation of why the work is being 
undertaken, as well as a simple, brief description 
of what it is.

Media

CRC CARE issued seven media releases during 
2008-09:

■	 Cancer-preventers: isolation of novel bacteria 
able to detoxify BTEX

■	 Patent on fire-fighting foam monitoring 
technique

■	 Clean technologies to keep China growing
■	 Hard proof that clean-up works
■	 Pb and Cd detection in water with a novel 

electrode
■	 Cleansing leaks from toxic tips
■	 Clean up offers billion dollar land value boost.

Articles based on these releases appeared in a 
wide range of media. In the urban dailies, highlights 
were:

■	 a story on phytoremediation at an old SA landfill 
site, a project by CRC CARE postdoc Dr Dane 
Lamb, in the Higher Education section of The 
Australian on 17 June 

■	 The Canberra Times ran an article by Professor 
Naidu on oil spills on 6 April

■	 the Adelaide Advertiser featured Professor 
Naidu in an illustrated story on CBD land values 
enhanced by remediation on 10 March

■	 the Sydney Morning Herald ran a story on 
microbes and their use in soil remediation on 
6 November quoting the CRC’s Professor 
Mallavarapu.

A feature of 2008-09 was the wider spread of 
popular technical media that picked up CRC 
stories. These included Australasian Science, 
Plumbing Connection, United Services, Food 
Australia, Water Engineering Australia, Oil and Gas 
Gazette, Engineers Australia, and Sustainability 
Matters. Solely on-line media that picked up CRC 
material included EcoVoice and On Line Opinion.

Publications

The communications team maintained a ‘request 
for approval to publish’ process by which all papers 
prepared by staff are reviewed internally before 
submission to journals or conferences. Over 40 
papers passed through this process in 2008-09.

A major development in the CRC CARE 
publications program in 2008-09 was the posting 
of pdf versions of the CRC’s first eight Technical 
Reports to its website for public access. These 
reports are listed in the ‘Patents and publications’ 
section in this report. A print schedule for this series 
was also developed for 2009-10, and Technical 
Report no. 11 on site characterisation prepared for 
printing in August 2009. 

The number of CRC CARE Fact Sheets increased 
from six to ten, and all were made available on 
the website. Other materials and posters were 
developed for conferences and displays and 
new templates developed for staff posters and 
powerpoints. A new corporate brochure was 
drafted and prepared for printing, and a range of 
materials developed in support of CleanUp 09. Two 
issues of the industry newsletter Remediator were 
produced.
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End-user name

Relationship 
with CRC
(e.g. Industry, 
Participant, 
International)

Type of activity 
and end-user 
location

Nature/scale of benefits 
to end-user
(e.g. exports 
increase, productivity, 
employment)

Actual or 
expected benefit 
to end-user
($ terms)

GHD Pty Ltd
Core 
Participant

Analytical testing 
of AFFF samples 
(Adelaide and 
Sydney)

Analytical testing of soil 
and water samples for site 
characterisation

Provides additional 
testing capability 
that is not available 
in commercial 
laboratories

ALS Laboratory 
Group

Industry
Analytical testing 
of AFFF samples 
(Queensland)

Analytical testing of soil 
and water samples for site 
characterisation

Provides additional 
testing capability 
that is not available 
in commercial 
laboratories

Australian Institute of 
Petroleum

ExxonMobil 
Shell Oil Company
BP Australia
Caltex
Rio Tinto
Environmental 

Protection Agency 
(SA)

Environmental 
Protection Agency 
(Vic)
Department of 

Environment and 
Climate Change 
(NSW)

Department of 
Environment and 
Conservation (WA)

Environmental 
Protection Agency 
(Qld)

CSIRO
GDH Pty Ltd
Coffey Environments
     Pty Ltd
CH2MHILL

Core and 
Supporting 
Participants, 
industry and 
regulators

Involvement 
in petroleum 
Project Advisory 
Group, and in the 
CRC’s National 
Contaminated Sites 
Demonstration 
Program  

New evidence-based 
guidelines in risk 
assessment, remediation 
and prevention; more 
relevant (Australian-based) 
Health Screening Levels 
(HSLs) and Ecological 
Investigation Levels.

Preliminary scoping 
research and literature 
reviews have been 
completed. Further 
research now continuing 
in the development of 
guidance documents.

Confirmation of the extent 
of data requirements 
for characterisation of 
contaminated sites; a 
sound scientific basis 
for an understanding 
of natural attenuation; 
HSLs for petroleum 
hydrocarbons in soil and 
groundwater environments 
typical of Australia; unified 
guidelines for the extent of 
non-aqueous phase liquid 
(NAPL) clean-up from a 
range of NAPL-impacted 
soils and aquifers.

Development of a 
unified approach 
for cost-effective 
site assessment 
and management, 
and development 
of policies and 
guidelines based 
on Australian data 
and experience 
for sites affected 
by petroleum 
hydrocarbons

eNd-useR INvOlveMeNt ANd cRc IMpAct

Highlights of end-user involvement in the year were the 
integration of the Department of Defence into testing the 
AFFF kit, and the development of the Contaminated Sites 
Policy & Law Directory using input from regulators and legal 

professionals. AIP, GHD Pty Ltd and other partners were 
routinely involved in CRC CARE advisory committees and 
projects. In particular the CRC worked with RMDSTEM Pty 
Ltd to tailor new software that will create a new capacity to 
undertake detailed assessments of the economic potential of 
research projects and products.

Table 7. End-user involvement
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End-user name

Relationship 
with CRC
(e.g. Industry, 
Participant, 
International)

Type of activity 
and end-user 
location

Nature/scale of benefits 
to end-user
(e.g. exports 
increase, productivity, 
employment)

Actual or 
expected benefit 
to end-user
($ terms)

HLM Asia Group Ltd
Core 
Participant

Research and 
commercial 
opportunities in 
China

Productivity, employment, 
market leadership

Increased service 
capability in Asian 
region 

Agilent Technologies 
Australia Pty Ltd

Supporting 
Participant

Technology 
development, 
international

New analytical monitoring 
tools with commercial 
potential

International market 
opportunities

Capital Technic 
Group

Industry
Market assessment 
for specific 
technology

Market research and 
understanding on which 
to guide researchers and 
base investment

Long-term 
returns on new 
technologies

Alcoa World Alumina 
Australia

Worsley Alumina 
Pty Ltd

Supporting 
Participant, 
industry

Securing reliable 
data for assessing 
risk to human 
health and the 
environment from 
refinery stack 
emissions.

Basis for determining 
whether action is required 
to reduce organometallic 
compound emissions, 
potentially saving 
engineering costs

Enable industry to 
better comply with 
regulations and to 
provide detailed 
information to the 
local community.

Reduce costs of 
engineering by 
establishing the 
significance of 
organometallic 
compound 
emissions.

Department of 
Defence

Core 
Participant

Demonstration 
projects at bases.
 
Development of 
cost-effective 
and reliable tools 
for contaminant 
monitoring in the 
field, environmental 
guideline values, 
remediation 
strategies.

Demonstration 
of technologies 
to assess and 
remediate 
contaminated sites

Tools for field monitoring of 
contaminants.

Enable remediation of 
contaminated sites.

Will provide scientific basis 
for policies on natural 
attenuation. Will enable 
sale of land for other uses.

Risk to environment 
and human health 
will be defined 
and remediation 
strategies designed 
for cost-effective 
remediation to be 
implemented.

Environmental 
Protection Agency 
(SA)

Environmental 
Protection Agency 
(Vic)

Department of 
Environment and 
Conservation (WA)

Environmental 
Protection Agency 
(Qld)

Department of 
Natural Resources 
and Water (Qld)

Core and 
Supporting 
Participants, 
industry and 
regulators

Policy Advisory 
Committee and 
various projects 
and strategic 
workshops to 
address priority 
issues

Improved public safety, 
more effective protection 
of the environment and 
natural ecosystems

More efficient use 
of resources by 
regulatory bodies, 
better quality 
outcomes
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pROgRAM OveRvIew

Worldwide anthropogenic contamination is regarded as one 
of the most immediate threats to societal health, environment 
health, and economic health locally, nationally and globally.  An 
estimated 100,000 contaminated sites exist in Australia ranging 
from old service stations, to sheep and cattle dips, to old WWII 
munitions factories, and disused mine sites. Consequently, as 
cities grow increasing pressures for land to accommodate urban 
sprawl, the requirements of urban infilling often means the reuse 
of contaminated sites. Comprehensive remediation of these 
sites is therefore necessary before they can be considered safe 
for residential purposes.  

Most often this pressure is brought to bear on industry and 
government. Not only do the remediation techniques required 
for clean-up need to be state of the art, but appropriate 
legislative frameworks and community consultation processes 
are also required. However, the most critical component of 
the clean-up effort relies on the skilled personnel involved in 
environmental risk assessment, legislative development and in 
the delivery and implementation of new knowledge, approaches 
and technologies in remediation.  

The environmental remediation industry is growing rapidly 
and has a need for more skilled staff. Moreover, it is widely 

acknowledged that Australia is desperately short of skilled 
people with the appropriate expertise. Individuals involved in the 
Australian industry are often drawn from a wide background, 
often from overseas. Consequently, there is common agreement 
that there is a need for improvement and rounding of their 
qualifications and experience. Under the Commonwealth and 
Participants Agreements, CRC CARE has therefore committed 
to deliver a number of research and commercial milestones that 
address the acknowledged shortfalls identified in Australia. 

The key milestone for the Education and Training Program is 
the implementation of a National Education Program, with two 
components. In Australia, the first component is a university 
education program. This program plans to expand the number 
of highly qualified, suitably trained industry-ready graduates 
within Australia, which at the end of the current seven-year life 
of the CRC will graduate 50 PhDs and 20 Honours students.  

Currently 50 PhD students (Table 8) and 16 Honours (Table 9) 
students are either enrolled, or graduated from the Australian 
partner universities, and are working on research objectives of 
the CRC. Furthermore, an additional eight PhD and six Masters 
students are working on projects at Huazhong University, China, 
through an ongoing partnership with the CRC CARE partner 
HLM Asia Group Limited.

Education and training

Dr Malcolm Clark,
Program Leader

Andrew Beveridge,
Manager: Education and 
Technology Transfer
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Table 8.  Distribution of PhD students across the partner universities and research programs

1. 
Risk 
Assessment

2. 
Remediation 
Technologies

3. 
Prevention 
Technologies

4. 
Social, Legal, 
Policy and 
Economics

Total

Curtin University of 
Technology

1 3 - - 4

Southern Cross 
University

- 2 - - 2

University of South 
Australia

7 15 6 2 30

University of 
Queensland

4 - 4 - 8

University of 
Technology, Sydney

- 4 1 - 5

James Cook University - 1 - - 1

Huazhong University - 5 3 - 8

Total 12 25 19 2 58

Table 9.  Distribution of Honours students across the partner universities and research programs

1.
Risk 
Assessment

2. 
Remediation 
Technologies

3. 
Prevention 
Technologies

4. 
Social, Legal, 
Policy and 
Economics

Total

Curtin University of 
Technology

1 5 - - 6

Southern Cross 
University

1 - - 2 3

University of South 
Australia

1 2 - - 3

University of 
Queensland

1 - 2 - 3

University of 
Technology, Sydney

1 - - - 1

James Cook University - - - - 0

Huazhong University - - - - 0

Total 10 4 - 2 16
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uNIveRsItY pOstgRAduAte studeNts

The 2008-09 year for the CRC was again a strong year of 
recruitment and growth for the program, with eleven additional 
PhD students and a further eight Honours students recruited 
to CRC CARE. This recruitment has placed the CRC in an 
exceptionally strong position to meet its milestones in regard 
to student participation and completions. In addition, eight 
PhD and six Masters students were recruited with the signing 
of agreements with Huazhong University and HLM Asia Group 
Limited, China. 

CRC CARE thus ended the 2008-09 year with 63 students 
actively engaged in critical environmental research projects. 
Students are either directly embedded into funded research 
projects and working as part of a larger project teams, where 
18 PhD students are directly supervised by an industry partner, 
or are undertaking a stand-alone project. 

All students are directly contributing to the research goals and 
milestones of the CRC, especially through publication of their 
work.  To date, students have authored 95 publications, with 31 
publications being made in peer-reviewed journals, of which 11 
are in A* or A band journals; many of these publications have 
been made in the 2008-09 year.

Currently three PhDs have been successfully completed, and 
there are expected to be up to five more PhD completions in the 
2009 calendar year. Looking forward, the CRC is investigating 
the development of an industry placement opportunity for all 
of our supported PhD students in their third year of study. It is 
hoped that this will help in their transition to industry, and help 
build the necessary skills and experience to ensure they are 
industry-ready and commercially focused. To this end efforts 
are being made to provide opportunities for the CRC-supported 
students to attend the industry training program.

honours students 

Amy Heffernan, University of Technology, Sydney
Carlo Eastaway, Southern Cross University
Pelli McMahon, Southern Cross University
Richard Cuskelly, Southern Cross University
Sie King Ling, Curtin University of Technology
Tamara Ashford, University of Queensland
Tia Northfield, University of Queensland
Zhao Ying Kong, Curtin University of Technology

honours graduates

Anita D’Angelo, Second Class Honours, Curtin University 
   of Technology
Clement Thye, First Class Honours, Curtin University of  
   Technology
Kate Hyland, First Class Honours, UniSA
Katherine Hughes, First Class Honours, University of   
   Queensland

Maharindo, Second Class Honours, Curtin University of  
   Technology
Peter Sanderson, First Class Honours, UniSA
Regina Wu, First Class Honours, Curtin University of    
   Technology
Wendy Harrington, First Class Honours, UniSA

phd students and their projects

Adam Wightwick 
Managing copper inputs to viticultural soils for the 
protection of soil fertility: risk assessment, prevention and 
remediation, University of Queensland

Andrew McKay
Development of a unicellular cell tool for the toxicity 
assessment of single and mixture of metals and 
metalloids, University of Queensland

Anitha Kunhikrishnan
Revegetation of metal-contaminated soils using recycled 
water, UniSA

Balaji Seshadri 
Potential value of coal combustion products (CCPs) 
in the re-vegetation and ecosystem development of 
degraded mine sites, UniSA

Benjamin Jones 
Use of organic matter amendments/clays to improve 
rehabilitation of bauxite refinery wastes, University of 
Queensland

Binoy Sarkar
Remediation of organic and inorganic contaminants by 
novel bio-reactive organoclays, UniSA

Christiane Vitzthum Von Eckstaedt 
Stable carbon and hydrogen isotope ratios of individual 
volatile organic compounds (VOCs) and polycyclic 
aromatic hydrocarbons (PAHs) in airborne emissions and 
soils, Curtin University of Technology

Crystal Maher 
Understanding processes in acid sulfate soil 
environments using stable isotopes, Southern Cross 
University

Dane Lamb 
Heavy metal phytotoxicity in long-term contaminated 
soils: implications for the development of Australian 
regulatory guidelines and realistic environmental risk 
assessment, UniSA

Devarajan Shanmuganathan 
Fate and behaviour of brominated flame retardants in soil 
and sediments, UniSA

Dionne Arthur 
Assessment of biological effects induced by arsenic 
mediated oxidative stress, University of Queensland

Elizabeth Brandon 
The development and harmonisation of domestic site 
contamination law: the role of international law and other 
mechanisms, UniSA
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Fang Han 
Development of novel nanomaterials 
for organic pollutants degradation in 
wastewater treatment, UniSA

Gareth Lewis 
Fate and dynamics of endocrine-disrupting 
chemicals (EDCs) and pharmaceutically 
active compounds (PhACs) in the soil 
environment, UniSA

Girish Kumar Choppala 
Dynamics and agro-environmental 
significance of dissolved organic matter in 
soils, UniSA

Ileperumaarachchige Vayanga Nishani    
     Rathnayake

Development and validation of a 
mechanistic model to predict the 
bioavailability of heavy metals to the 
microorganisms in the soil environment, 
UniSA

Ilia Rostami Abusaidi 
Bioavailability of polycyclic aromatic 
hydrocarbons (PAHs) and its impact on 
bioremediation, UniSA

Javeed Mohammed Abdul 
Gradient permeable reactive barrier for 
groundwater remediation, University of 
Technology, Sydney

Jianhua Du 
Control of aggregate structure, settling and 
dewatering in mineral tailings processing, 
UniSA

Jin Hee Park
The role of bacteria and soil amendments 
on the phytostabilisation of metal-
contaminated soils, UniSA

Kandasamy Thangavadivel 
Development and application of high 
frequency ultrasound technology for 
treatment of persistent organic pollutants, 
UniSA

Kavitha Ramadass
Speciation, bioavailability and toxicity of 
petroleum hydrocarbons – development of 
ecological safe limits and bioremediation 
technology, UniSA

Liang Wang 
Novel techniques for pattern recognition, 
processing and analysing the data for 
contamination monitoring using ion selective 
electrode array (electronic tongue systems), 
UniSA

Mike Van Alphen 
The characterisation of fibre bundles and 
the release of respirable asbestos fibres, 
UniSA

Pradeepkumar Rangnath Shukla 
Development of a permeable reactive barrier 
for treatment of groundwater by combined 
adsorption and oxidation, Curtin University 
of Technology

S M Ghausul Hossain
Permeable reactive barrier for the treatment 
of complex organic waters, University of 
Technology, Sydney

Salirian Claff 
The assessment of metal geochemistry in 
acid sulfate soils, Southern Cross University

Sally Legg 
Legal and policy implications of risk 
assessment in relation to the assessment 
and remediation of contaminated sites, 
UniSA

Seth Laurenson 
Management of recycled water irrigation in 
the viticulture industry, UniSA

Siew Hui Chong 
Application of heterogenous catalysis and 
adsorption technologies to reduce indoor air 
toxins, Curtin University of Technology

Simi Sugathan 
Seaweed as an enhancer for bioremediation 
of persistent organic pollutants in long-term 
contaminated soils, UniSA

Thammared Chuasavathi 
Potential value of biosolids and biosolid 
blends using other waste resources in the 
immobilisation and bioavailability of heavy 
metals, UniSA

Thavamani Palanisami 
Bioremediation of mixed contaminated soils 
with special reference to MGP sites, UniSA

Wei Hong Wang
Selenium speciation in environmental 
and biological samples using ion 
chromatography and ion-pair reverse phase 
chromatography hyphenated with ICPMS, 
UniSA

Ya-Feng Zhou 
Use of wastes as immobilising agents for 
heavy metal contaminants, University of 
Queensland

Yen-Yui Liu 
Effects of land application of contaminated 
effluents on soil properties and the size, 
activity and diversity of soil microbial 
communities, University of Queensland
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New phd students

Dawit Bekele
Movement of volatile organics in soils of contaminated 
aquifer sites with the aim of generating model 
parameters for defining affective control/remediation, 
UniSA

Faye Feng Liu 
Development of nanobiotechnology (single cell) method 
for biological response measurement of contaminants, 
University of Queensland

Othman Al-Mashaqbeh
Performance of reactive filtration materials for stormwater 
treatment, University of Technology, Sydney

Peter Sanderson
Risk-based management and remediation of lead 
contamination at a Defence firing range, UniSA

Sreekanth Janardhanan 
Groundwater management

Shiva Prakash 
The effects on property values of disclosure of site 
contamination, University of Queensland

Suresh Ramraj Subash Chandrabose
Algae-bacterial system for remediation of contaminants, 
UniSA 

Thamer Mohammed
On-site remediation of micro-pollutants from storm 
waters for reuse, University of Technology, Sydney

Yanju Liu
Recycling and re-use for the remediation of red mud, 
UniSA

Yousef Okour
Removal of persistent organic pollutants using titania 
(TiO2) nanoparticles produced from sludge, University of 
Technology, Sydney

phd graduates

Dr Kwon Rae Kim
Dr Tanya Caceres 
Dr Sreenivasulu Chadalavada 

hlM Asia group ltd china - phd students and their 
projects

Chang Liu
Generating synthetic soils with high nutrient-holding 
capacity using red mud

Lan Gao
Cost-effective remedial technology for pig wastes

Leguan Zhang
Isolating and concentrating different metals from red mud

Maoyun He
Production of hydrogen-rich gas from catalytic 
gasification of municipal solid waste

Qiguo Yi
A mass balance calculation for metal uptake in red mud

Siyi Luo
Mechanism treatment of biomass generated on red mud 
disposal sites and research on biomass powder fuel

Wei Zhan
Development of a mini landfill biogas generating 
technology using pig wastes

Xianjun Guo
Demonstration project of gasification of biomass micron 
fuel (BMF) and utilisation of gas products

Masters students and their projects

Duan Luchan
Plant growth study on remediated red mud with different 
amendments

Guanjun Yang
Emission characteristic of Cl in biomass combustion

Guifen Peng
Study on activity of anaerobic sludge irradiated by low 
intensity ultrasound

Lei Xiao
Efficient combustion of biomass micron fuel

Sheng Zhu
Hydrogen-rich gas from municipal solid wastes (MSW) 
gasification

Ying Li
The characteristic research of bio-oil from biomass 
micron fuel



71

A
N

N
U

A
L

 
R

E
P

O
R

T
 |

0
8

–
0

9

Education & training

INdustRY tRAININg pROgRAM

The second component of the CRC’s National 
Education Program is the Industry Training Program 
with the aim of training 1000 industry personnel. 
Through this the CRC aims to establish a best 
practice, integrated education program that 
enables environment industry professionals to 
be exposed to the most advanced assessment, 
prevention and remediation techniques and 
methodologies. It is hoped that the program will be 
more than training in risk assessment, remediation, 
prevention, and policy and law, and that it will 
translate the CRC’s cutting edge research and 
technology into practical skills.

The 2008-09 year was again a busy time for the 
CRC’s Industry Training Program which held several 
workshops and seminars as part of its activities.  
Over 500 people attended CRC’s Industry Training 
events in the past year, which brings numbers 
to1200 since the inception of the CRC. 

In 2008-09, the workshops included:

contaminated site policy breakfast – Over 50 
industry and regulatory participants attended 
a policy breakfast seminar with a theme of 
site contamination policy, at the Hilton Hotel 
Adelaide, on 5 August. International visitors, 
Victor Dries as the Head of the Strategic Team of 
the OVAM, the Public Waste Agency of Flanders 
(Belgium) and Co Molenaar, from the Netherlands 
Ministry of Housing, Spatial Planning and the 
Environment (VROM) were guest presenters. 

Asbestos in soil workshop – The CRC held an 
Asbestos in Soil workshop in Sydney, on 15 August 
2008. The workshop coincided with the US EPA’s 
asbestos expert, Arnold Den’s presence in Sydney. 
Over 60 participants attended the workshop 
that aimed to communicate the difficulties of 
the assessment and management of asbestos-
contaminated sites.

Afff test kit workshop – As part of the roll-out 
of the Anionic Surfactant Test Kit a workshop 
for relevant Department of Defence staff and 
contractors was held in Adelaide as a pre-
cursor to the staged roll-out of the kit in the field. 
Researchers from CERAR led the training and 
CRC CARE staff managed the IP-related activities 
including Material Transfer Agreements, prototype 
development, and usability refinements.

tph workshop – CRC CARE, in partnership 
with Environmental Laboratory Industry Group 
(ELIG), held a workshop on the development 
of a consistent and harmonised approach to 
the analysis and reporting of total petroleum 
hydrocarbons (TPH) on Friday, 1 May 2009 in 
Sydney. The workshop was attended by nearly 
100 participants including analytical chemists from 
different environmental laboratories, regulators, 
consultants, auditors and petroleum industry 
representatives from Australia and overseas.  

The workshop focused on the inconsistencies in 
TPH analysis and reporting by different laboratories, 
and on developing a consensus on the approach. 
The issues addressed at the workshop were new 
TPH banding based on a CRC CARE project on 
the health screening levels (HSL) of petroleum 
hydrocarbons, defining and analysing different 
bands.  

Asbestos in soil seminar – CRC CARE, in 
partnership with NSW Australian Contaminated 
Land Consultants Association (ACLCA) held 
an afternoon seminar, on Friday 1 May 2009 in 
Sydney, regarding the latest developments in 
the assessment and management of asbestos- 
contaminated sites. Building on the workshop 
CRC CARE coordinated in August 2008, the 
afternoon seminar was an opportunity to share 
information on what guidance had been developed 
since that meeting. The seminar was attended 
by over 115 participants including contaminated 
site managers, owners, regulators, auditors and 
industry consultants. The seminar outlined recent 
developments relating to asbestos policy and 
guidance and enabled participants to engage and 
ask questions of the presenters about their views 
on various aspects of the assessment, remediation, 
testing and management (including communication 
of risk) of asbestos in soils.

contaminated site Assessment and planning 
workshop – CRC CARE, in partnership with 
contaminated land industry professionals, held 
a 3.5-day Contaminated Site Assessment and 
Planning Workshop in June 2009. The Site 
Assessment and Planning Workshop aimed to 
provide participants with a general grounding in 
the concepts and tools currently used in assessing 
environmental contamination. Participants were 
also able to gain an understanding of the protocols, 
methodologies and processes used for the 
assessment of site contamination in addition to 
planning issues associated with the implementation 
of remediation strategies.  
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CRC CARE Seminars 

This series provides the opportunity for the CRC to invite a 
presentation from visiting researchers and industry experts. 
Over the year, three seminars have been coordinated and have 
been well attended by soil scientists, researchers, students, 
consultants and remediation practitioners:

■	 A seminar with Dr Jim Barrow entitled ‘On elephants 
and blind men (The importance of comprehensiveness in 
modelling)’ was held in July 2008.

■	 Visiting scientist Professor Gong Wenqi, from Wuhan 
University of Technology, China, provided a seminar entitled 
‘Mineral/waste based environmental materials’ in October 
2008.

■	 Dr Peter Beck was a visitor to CRC CARE in June 2009 and 
during his visit accepted an invitation to present a seminar 
entitled ‘Is there contamination between my sampling 
locations?’

The CRC also runs regular PhD seminars in which students 
have the opportunity to present their progress and discuss 
issues in a formal and critical forum.

Industry training events in which cRc cARe was a 
partner:

Acid sulfate soils: identification, assessment and 
management – the Centre for Acid Sulfate Soil Research, at 
Southern Cross University, and CRC CARE held a short course 
on the identification, assessment and management of acid 
sulfate soils.  The course was run 11-13 November 2008 at 
Lismore, NSW.

Acquisition, disposal and leasing of contaminated land 
– Legalwise Seminars in conjunction with CRC CARE held 
a short seminar on the acquisition, disposal and leasing of 
contaminated land, focusing on risk management and regulatory 
reform, practical impacts and implications and liability. The 
course was held on 12 November 2008 in Sydney.

environmental health Risk Assessment course – A short 
course in Environmental Health Risk Assessment was held 
14-18 July 2008 on the Gold Coast, south of Brisbane.  
The course was jointly organised by the National Research 
Centre for Environmental Toxicology (EnTox), Queensland 
Health Forensic and Scientific Services (QHSS), University of 
the Sunshine Coast, Griffith University Australian School of 
Environmental Studies, CRC CARE and the Australian Centre 
for Human Health Risk Assessment.  The course is aimed at 
increasing knowledge and awareness of environmental health 
issues and in developing and updating methodological skills 
in hazard identification, exposure assessment, dose-response 
relationships, risk characterisation and risk management.

lOOkINg fORwARd

The reporting period also saw the CRC deeply involved in 
managing the planning and development of CleanUp 09. This 
conference will combine the 5th International Workshop on 
Chemical Bioavailability in the Environment (25-26 September) 
and the 3rd International Contaminated Site Remediation 
Conference (27-30 September) and will be held at The Hilton 
Adelaide hotel. This is the only international conference that 
encompasses the whole Australasia region. The now biennial 
conference is part of a series initiated in 2004.

Incorporating some of the world’s leading individuals in their 
respected field, it is expected that more than 500 Australian 
and overseas scientists, engineers, regulators and other 
environmental specialists will gather for these events with the 
aims of exploring emerging issues related to the assessment 
and remediation of contaminated sites, to accelerate technology 
transfer, and exchange information on innovative developments 
in fundamental and applied environmental research.

The central theme of the 3rd International Contaminated 
Site Remediation Conference is: ‘Bridging the gap between 
research, industry and policy’. With this in mind the organising 
committee aims to create an inclusive program which 
incorporates a broad perspective of contamination assessment 
and remediation of the environment, including soil, water and air. 
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The conference will include several pre-conference 
short courses and workshops, including:
 
■	 Risk communication – guidance for 

contaminated land practitioners (1 day) 
■	 Asbestos in soil (1 day) 
■	 Sediment sampling and risk assessment (1 day) 
■	 Modelling and field assessment of vapour 

intrusion threats (1/2 day) 
■	 Health-based screening levels for petroleum 

hydrocarbons (1/2 day)
■ Fire-fighting foam and the environment (1 day).

With over 200 oral platform presentations ranging 
from scientific research to innovative remediation 
options and case studies, CleanUp 09 is likely to 
be a major event on the international remediation 
calendar and enhance Australia’s reputation in this 
field.

Testing of the Anionic Surfactant Test Kit was 
held at CRC CARE’s Mawson Lakes head 
office for Department of Defence staff and 
contractors during a workshop in March 2009.
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pAteNts subMItted IN 2008-09

Y. Xei, M. Megharaj and R. Naidu MODIFIED CLAY SORBENTS
Submitted on 9 December 2008 for Australian Provisional Patent 
Application.

F. Han, V. Kambala and R. Naidu PHOTOCATALYST AND METHOD FOR 
PRODUCTION Submitted 16 February 2009 for Australian Provisional 
Patent Application.

M. Megharaj, P. Mercurio, and R. Naidu ANIONIC SURFACTANT 
DETECTION Submitted 16 April 2009 for International Patent 

Application.

jOuRNAl publIcAtIONs

Arora, M, Megharaj, M & Naidu, R 2009, ‘Arsenic testing field kits: Some 
considerations and recommendations’, Environmental Geochemistry 
and Health 31: 41-48.

Basu, NB, Rao, PSC, Poyer, IC, Nandy, S, Mallavarapu, M, Naidu, R, 
Davis, GB, Patterson, BM, Annable, MD & Hatfield, K 2009, ‘Integration 
of traditional and innovative characterisation techniques for flux-based 
assessment of dense non-aqueous phase liquid (DNAPL) sites’, Journal 
of Contaminant Hydrology 105: 161-172.

Belyaeva, ON & Haynes, RJ 2009, ‘Chemical, microbial and physical 
properties of manufactured soils produced by co-composting municipal 
green waste with coal fly ash’, Bioresource Technology (in press).

Bhattacharya, P, Aziz Hasan, M, Sracek, O, Smith, E, Ahmed, K M, 
von Brömssen, M, Imamul Huq SM & Naidu R 2009, ‘Groundwater 
chemistry and arsenic mobilisation in the Holocene flood plains in South-
central Bangladesh’, Environmental Geochemistry and Health 31:23-43.

Burton, ED, Sullivan, LA, Bush, RT, Johnston, SG & Keene, AF 2008, 
‘A simple and inexpensive chromium-reducible sulfur method for acid-
sulfate soils’, Applied Geochemistry 23, 2759-2766.

Burton, ED, Bush, RT, Sullivan, LA, Johnston, SG & Hocking, RK 2008, 
‘Mobility of arsenic and selected metals during re-flooding of iron- and 
organic-rich acid-sulfate soil’, Chemical Geology 253, 64-73.

Caceres, T, Megharaj, M & Naidu, R 2008, ‘Sorption of fenamiphos to 
different soils: the influence of soil properties’, Journal of Environmental 
Science and Health B 43(7): 605-610. 

Caceres, T, He, W, Megharaj, M & Naidu, R 2009, ‘Effect of insecticide 
fenamiphos on soil microbial activities in Australian and Ecuadorean 
soils’, Journal of Environmental Science and Health B44: 13-17.

Caceres, T, Megharaj, M, Malik, S, Beer, M & Naidu, R 2009, ‘Hydrolysis 
of fenamiphos and its toxic oxidation products by Microbacterium sp. in 
pure culture and groundwater’, Bioresource Technology 100: 2732-
2736.

Chen, Z, He, W, Beer, M, Megharaj, M & Naidu, R 2009, ‘Speciation 
of glyphosate, phosphate and aminomethylphosphonic acid in soil 
extracts by ion chromatography with inductively coupled plasma mass 
spectrometry with an octopole reaction system’, Talanta 78: 852-856.

Chen, ZL, Owen, G, Megharaj, M & Naidu, R 2009, ‘Speciation of 
Zn-aminopolycarboxylic complexes by electrospray ionization mass 
spectrometry and ion chromatography with inductively coupled plasma 
mass spectrometry’, Rapid Communications in Mass Spectrometry 
23:419-424.

Du, J, Pushkarova, R & Smart, R.St.C 2009, ‘A cryo-SEM study of 
aggregate and floc structure changes during clay settling and raking 
processes’, International Journal of Mineral Processing 93, 66-72.

Feldmann, J, Salaün, P & Lombi E 2009, ‘Elemental speciation analysis 
methods in environmental chemistry – moving towards methodological 
integration’, Environmental Chemistry (in press).

Frost, RL, Zhou, Q, He, H & Yunfei, X 2008, ‘An infrared study of 
adsorption of para-nitrophenol on mono-, di- and tri-alkyl surfactant 
intercalated organoclays’, Spectrochimica Acta Part A 69:239–244.

Guo, X, Liu, S, Xiao, B, Luo, S & He, M 2009, ‘Experimental study 
on powdery biomass combustion furnace’, Environmental Science & 
Technology 32(7): 54-57 (in Chinese). 

Guo, X, Xiao, B, Liu, S, Hu, Z, Luo, S & He, M 2009, ‘An experimental 
study on air gasification of biomass micron fuel (BMF) in a cyclone 
gasifier’, International Journal of Hydrogen Energy 34(3): 1265-1269.

Guo, Z, Megharaj, M, Beer, M, Ming, H, Rahman, MM, Wu, W & Naidu, 
R 2009, ‘Heavy metal impact on bacterial biomass based on DNA 
analyses and uptake by wild plants in the abandoned copper mine 
soils’, Bioresource Technology 100, 3831-3836.

Han, F, Kambala, VSR, Madapusi, S, Rajarathnam, D & Naidu, R 2009, 
‘Tailored titanium dioxide photocatalysts for the degradation of organic 
dyes in wastewater treatment: A Review’, Applied Catalysis: A, 359, 
25-40.

Haynes, RJ 2009, ‘Reclamation and revegetation of fly ash disposal 
sites – Challenges and research needs’, Journal of Environmental 
Management, 90, 43-53.

Haynes, RJ & Judge, A 2008, ‘Influence of surface-applied poultry 
manure on topsoil and subsoil acidity and salinity: a leaching study’, 
Journal of Plant Nutrition and Soil Science, 171, 370-377.

Haynes, RJ, Murtaza, G & Naidu, R 2009, ‘Inorganic and organic 
constituents and contaminants of biosolids: implications for land 
application’, Advances in Agronomy (in press).

He, M, Hu, Z, Xiao, B, Liu, S & Guo, X 2009, ‘Study on hydrogen-
rich gas production from municipal solid waste (MSW) by catalytic 
gasification’, Environmental Engineering 4(27): 97-101 (in Chinese).  

He, M, Xiao, B, Hu, Z, Liu, S & Guo, X 2009, ‘Preparation of Ni-based 
catalysts and evaluation of their catalytic activity in gasification of 
municipal solid waste (MSW) to hydrogen’, China Environmental Science 
4: 391-396 (in Chinese).

He, M, Xiao, B, Hu, Z, Liu, S, Guo, X & Luo, S 2009, ‘Syngas 
production from catalytic gasification of waste polyethylene: Influence 
of temperature on gas yield and composition’, International Journal of 
Hydrogen Energy 34(3): 1342-1348.

Patents and publications
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He, M, Xiao, B, Liu, S, Guo, X, Luo, S, Xu, Z, Feng, Y 
& Hu, Z 2009, ‘Hydrogen-rich gas from catalytic steam 
gasification of municipal solid waste (MSW): Influence of 
steam to MSW ratios and weight hourly space velocity on 
gas production and composition’, International Journal of 
Hydrogen Energy 34(4): 2174-2183.

He, W, Megharaj, M & Naidu, R 2009, ‘Toxicity of trivalent 
and pentavalent arsenic alone, and in combination, 
to the cladoceran Daphnia carinata: the influence of 
microbial transformation in natural waters’, Environmental 
Geochemistry and Health 31: 133-141.

Hu, ZQ, Liu, YD, Xiao, B 2008, ‘Microcystin-RR induces 
physiological stress and cell death in the cyanobacterium 
aphanizomenon sp．DC01 isolated from Lake Dianchi’, 
Fundamental and Applied Limnology 178 (2), 111-120.

Johnston, SG, Burton, ED, Keene, AF, Bush, RT, 
Sullivan, LA & Issacson, L 2009, ‘Porewater sampling 
in acid sulfate soils: a new peeper method’, Journal of 
Environmental Quality, (accepted).

Johnston, SG, Bush, RT, Sullivan, LA, Burton, ED, Smith, 
D, Martens, MA, McElnea, AE, Ahern, CR, Powell, 
B, Stephens, LP, Wilbraham, ST & van Heel, S 2009, 
‘Changes in water quality following tidal inundation of 
coastal lowland acid sulfate soil landscapes’, Estuarine, 
Coastal and Shelf Science 81, 257-266.

Johnston, SG, Keene, AF, Bush, RT, Burton, ED, Sullivan, 
LA, Smith, D, McElnea, AE, Martens, MA & Wilbraham, S 
2009, ‘Contemporary pedogenesis of severely degraded 
tropical acid sulfate soils after introduction of regular tidal 
inundation’, Geoderma 149, 335-346.

Jones, BEH & Haynes, RJ 2009, ‘Bauxite processing 
residue: a critical review of its formation, properties, 
storage and revegetation’, Critical reviews in 
Environmental Science and Technology (in press).

Juhasz, AL, Weber, J, Smith, E, Naidu R, Marschner, 
B, Rees, M, Rofe, A, Kuchel, T & Sansom, L 2009, 
‘Evaluation of SBRC-Gastric and SBRC-Intestinal 
Methods for the Prediction of In Vivo Relative Lead 
Bioavailability in Contaminated Soils’, Environmental 
Science & Technology 43, 4503-4509.

Kambala, VSR & Naidu R 2009, ‘Disinfection studies on 
TiO2 thin films prepared by a sol-gel method’, J. Biomed 
Nanotech 5, 121-129.

Kopittke, PM, Asher, CJ, Blamey, FPC & Menzies, NW 
2008, ‘Tolerance of two perennial grasses to toxic levels 
of Ni2+’, Environ Chem 5(6), 426-434.

Kopittke, PM, Asher, CJ, Blamey, FPC & Menzies, NW 
2009, ‘Toxic effects of excess Cu2+ on growth and mineral 
composition of Sabi grass (Urochloa mosambicensis)’, 
Sci Total Environ 407, 4616-4621. 

Kopittke, PM, Blamey, FPC, Sheldon, AR & Menzies, NW 
2009, ‘Tolerance of perennial grasses to high copper in 
sand culture’,  Environ Chem 6, 253-259. 

Kopittke, PM, McKenna, BA, Blamey, FPC, Wehr, JB 
& Menzies, NW 2009, ‘Metal-induced cell rupture in 
elongating roots is associated with metal ion binding 
strengths’, Plant Soil (in press).

Lamb, DT, Ming, H, Megharaj, M & Naidu, R 2009, ‘Heavy 
metal (Cu, Zn, Cd and Pb) partitioning and bioaccessibility 
in uncontaminated and long-term contaminated soils’, 
Journal of Hazardous Materials (in press).

Lamb, DT, Ming, H, Megharaj, M & Naidu, R 2009, 
‘Phytotoxicity and Accumulation of Lead (Pb) in 
Australian native vegetation’, Archives of Environmental 
Contamination and Toxicology (accepted).

Li, J, Xiao, B, Yan, R & Xu, X 2009, ‘Development 
of a supported tri-metallic catalyst and evaluation of 
the catalytic activity in biomass steam gasification’, 
Bioresource Technology 100 (21), 5295-5300.

Liu, C, Xiao, B, Dauta, A, Peng, G, Liu, S, Hu, Z 2009, 
‘Effect of low power ultrasonic radiation on anaerobic 
biodegradability of sewage sludge’, Bioresource 
Technology (in press).

Lombi, E, Scheckel, KG, Pallon, J, Carey, AM, Zhu, 
YG & Meharg, AA 2009, ‘Speciation and distribution of 
arsenic and localisation of nutrients in rice grains’, New 
Phytologist (in press).

Luo, S, Xiao, B & Guo, X 2009, ‘Combustion 
characteristics of biomass micron fuel under oxygen-rich 
conditions’, Journal of Northeast Forestry University 37(5): 
86-87 (in Chinese). 

Luo, S, Xiao, B, Guo, X, Hu, Z, Liu, S & He, M 2009, 
‘Hydrogen-rich gas from catalytic steam gasification 
of biomass in a fixed bed reactor: Influence of particle 
size on gasification performance’, International Journal of 
Hydrogen Energy 34(3):1260-1264.

Luo, S, Xiao, B, Hu, Z, Liu, S & Guo, X 2009, ‘An 
experimental study on a novel shredder for municipal solid 
waste (MSW)’, International Journal of Hydrogen Energy 
34(3): 1270-1274.

Luo, S, Xiao, B, Hu, Z, Liu, S, Guo, X & He, M 2009, 
‘Hydrogen-rich gas from catalytic steam gasification of 
biomass in a fixed bed reactor: Influence of temperature 
and steam on gasification performance’, International 
Journal of Hydrogen Energy 34(4): 2191-2194.

Malik, S, Beer, M, Megharaj, M & Naidu, R 2008, 
‘The use of molecular techniques to characterize the 
microbial communities in contaminated soil and water’, 
Environment International 34: 265–276.

McLaughlan, RG & Al-Mashaqbeh, O 2009, ‘Effect 
of media type and particle size on dissolved organic 
carbon release from woody filtration media’, Bioresource 
Technology 100: 1020–1023.

McLaughlan, RG & Al-Mashaqbeh, O 2009, ‘Simple 
models for the release kinetics of dissolved organic 
carbon from woody filtration media’, Bioresource 
Technology 100: 2588–2593. 

Menzies, NW, Fulton, IM, Kopittke, RA & Kopittke, PM 
2009, ‘Freshwater leaching of alkaline bauxite residue 
following seawater neutralization’,  J Environ Qual (in 
press).
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Menzies, NW, Snars, KE, Kopittke, GR & Kopittke PM 2009, 
‘Amelioration of cadmium contaminated soils using cation exchangers’, 
J Plant Nutr (in press).

Naidu, R & Bhattacharya, P 2009, ‘Arsenic in the environment - risks 
and management strategies’, Environ Geochem Health 31:1–8.

Naidu, R, Smith, E, Huq, I & Owens, G 2009, ‘Sorption and 
bioavailability of arsenic in selected Bangladesh soils’, Environmental 
Geochemistry and Health 31: 61-68.

Naramabuye, FX, Haynes, RJ & Modi, AT 2008, ‘Cattle manure and 
grass residues as liming materials in a semi-subsistence farming 
system’, Agriculture, Ecosystems and Environment 124, 136-141.

Rahman, F & Naidu, R 2009, ‘The influence of Arsenic speciation (AsIII 
& AsV) and concentration on the growth, uptake and translocation of 
Arsenic in vegetable crops (silverbeet and amaranth) - greenhouse 
study’, Environmental Geochemistry and Health 31: 115-124.

Rahman, F, Chen, Z & Naidu, R 2009, ‘A comparative study of 
the extractability of arsenic species from silverbeet and amaranth 
vegetables’, Environmental Geochemistry and Health 31: 103-113.

Rahman, MM, Chen, Z & Naidu, R 2009, ‘Extraction of arsenic 
species in soils using microwave-assisted extraction detected by 
ion chromatography coupled to inductively coupled plasma mass 
spectrometry’, Environmental Geochemistry and Health 31: 93-102.

Rahman, MM, Naidu, R & Bhattacharya, P 2009, ‘Arsenic contamination 
in groundwater in the Southeast Asia region’, Environmental 
Geochemistry and Health 31: 9-21.

Rahman, MM, Ng, JC & Naidu, R 2009, ‘Chronic exposure of arsenic 
via drinking water and its adverse health impacts on humans’, Environ 
Geochem Health 31:189–200.

Rahman, MM, Owens, G & Naidu, R 2009, ‘Arsenic levels in rice grain 
and assessment of daily dietary intake of arsenic from rice in arsenic-
contaminated regions of Bangladesh - implications to groundwater 
irrigation’, Environ Geochem Health 31:179–187.

Rahman, MM, Rahman, F, Sansom, L, Naidu, R & Schmidt, O 2009, 
‘Arsenic interactions with lipid particles containing iron’, Environ 
Geochem Health 31:201–206.

Ramakrishnan, B, Megharaj, M, Venkateswarlu, K, Naidu, R & 
Sethunathan, N 2009, ‘The impacts of environmental pollutants on 
microalgae and cyanobacteria’, Critical Reviews in Environmental 
Science and Technology (in press).

Rees, M, Sansom, L, Rofe, A, Juhasz, AL, Smith, E, Weber, J, Naidu, 
R & Kuchel T 2009, ‘Principles and Application of an In Vivo Swine 
Assay for the Determination of Arsenic Bioavailability in Contaminated 
Matrices’, Environmental Geochemistry and Health 31: 167-177.

Rostami, I & Juhasz, AL 2009, ‘Assessment of Persistent Organic 
Pollutant (POP) Bioavailability and Bioaccessibility for Human 
Health Exposure Assessment: A Critical Review’, Critical Reviews 
in Environmental Science and Technology (accepted).

Shukla, PR, Wang, S, Ang, HM & Tadé, MO 2009, ‘Synthesis, 
characterisation, and adsorption evaluation of carbon-natural-zeolite 
composites’, Advanced Powder Technology, 20: 245-250.

Smith, E & Naidu, R 2009, ‘Chemistry of inorganic arsenic in soils: 
kinetics of arsenic adsorption–desorption’, Environmental Geochemistry 
and Health 31: 49-59.

Smith, E, Juhasz, AL & Weber, J 2009, ‘Arsenic distribution and 
bioaccessibility across particle fractions in historically contaminated 
soils’, Environmental Geochemistry and Health 31: 85-92.

Smith, E, Juhasz, AL & Weber, J 2009, ‘Arsenic uptake and speciation 
in vegetables grown under greenhouse conditions’, Environmental 
Geochemistry and Health 31: 125-132.

Terdkiatburana, T, Wang, SB & Tadé, MO 2009, ‘Adsorption of 
heavy metal ions by natural and synthesised zeolites for wastewater 
treatment’, Inter. J. Environ. Waste Manag. 3, 327-335.

Thangavadivel, K, Megharaj, M, Smart, RSC, Lesniewski, PJ & Naidu, 
R 2009, ‘Application of high frequency ultrasound in the destruction of 
DDT in contaminated sand and water’, Journal of Hazardous Materials 
168: 1380-1386.

Wang, JP, Maddalena, R, Zheng, B, Zai, C, Liu, F & Ng, JC 2009, 
‘Arsenicosis status and urinary malondialdehyde (MDA) in people 
exposed to arsenic contaminated-coal in China’, Environment 
International, 35 3: 502-506. 

Wang, JP, Wang, SL, Lin, Q, Zhang, L, Huang, D & Ng, JC 2009, 
‘Association of arsenic and kidney dysfunction in people with diabetes 
and validation of its effects in rats’, Environment International, 35 3: 
507-511.

Wang, S, Ang, HM & Tadé, MO 2008, ‘Novel applications of red mud 
as coagulant, adsorbent and catalyst for environmentally benign 
processes’, Chemosphere 72, 1621-1635.

Wang, S, Terdkiatburana, T & Tadé, MO 2008, ‘Adsorption of Cu(II), 
Pb(II) and humic acid on natural zeolite tuff in single and binary systems’, 
Separation and Purification Technology 62:64–70. 

Zbik, MS, Du, J, Pushkarova, RA & Smart RS 2009, ‘Observation of 
gaseous films at solid-liquid interfaces: removal by ultrasonic action’, 
Journal of Colloid and Interface Science 336: 616-623.

Zhou, Q, He, H, Frost, RL & Xi, Y 2008, ‘Changes in the surfaces on 
DDOAB organoclays adsorbed with paranitrophenol – An XRD, TEM 
and TG study’, Materials Research Bulletin 43(12), 3318–3326.

Zhou, Y-F & Haynes, RJ 2009, ‘Sorption of heavy metals by inorganic 
and organic components of solid wastes: significance to use of wastes 
as low cost adsorbents and immobilizing agents’, Critical reviews in 
Environmental Science and Technology (in press).

cRc cARe chINA pROgRAM publIcAtIONs – 
ORIgINAl chINese RefeReNces

郭献军, 刘石明, 肖波, 罗思义, 贺茂云 2009, 生物质粉体燃烧炉实
验研究. 环境科学与技术 32(7): 54-57.

贺茂云, 肖波, 胡智泉, 刘石明, 郭献军 2009, 城市生活垃圾催化气
化制取富氢气体的研究. 环境工程 4(27): 97-101. 

贺茂云, 肖波, 胡智泉, 刘石明, 郭献军 2009, 镍基催化剂的制备及
其对垃圾气化产氢的催化活性. 中国环境科学 4: 391-396.

罗思义, 肖波, 郭献军 2009, 生物质微米燃料富氧燃烧特性分析. 东
北林业大学学报 37: 86-87.

bOOk chApteRs

Kopittke, P, Lombi, E, Menzies, N & Naidu, R 2009, ‘Principles of plant-
based remediation of contaminated soils’, in B Singh (ed.), Industrial 
Crops and Uses, CABI (in press).

Lombi, E & Holm, PE 2009, ‘Metalloids, soil chemistry and the 
environment’, in T Jahn & GP Bienert (eds), MIPs and their Role in the 
Exchange of Metalloids, Landes Biosciences (in press).
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Ahern, C, McElnea, A, Smith, D, Manders, J & Bush, R 
2008, ‘Contrasting soil analytical profiles of acid sulfate 
soil at East Trinity, far north Queensland, Australia’, in 
C Lin, S Huang & Y Li (eds), Proceedings of the Joint 
Conference of the 6th International Acid Sulfate Soil 
Conference and the Acid Rock Drainage Symposium, 
16–20 September 2008, Guangzhou China, (Guangdong 
Press Group), pp. 1-5.

Ahern, C, Smith, D, McElnea, A, Finch, N, Wilbraham, 
S, van Heel, S & Sullivan, L 2008, ‘Lime-assisted tidal 
exchange reduces acidity of dyked acid sulfate soil at 
East Trinity, northern Australia’, in C Lin, S Huang & Y 
Li (eds), Proceedings of the Joint Conference of the 6th 
International Acid Sulfate Soil Conference and the Acid 
Rock Drainage Symposium, 16–20 September 2008, 
Guangzhou China, (Guangdong Press Group), pp. 10-14.

Arthur, D, Ng, J, Moore, M, Eaglesham, G & Abu-
Bakar, A 2009, ‘Monitoring arsenic exposure in arsenic 
contaminated-coal endemic areas’, 1st Symposium on 
Trace Elements in Food and Health (STEFH-1), 21-22 
May 2009, Brisbane Queensland Health Forensic and 
Scientific Services, Royal Australian Chemical Institute, 
Qld Analytical and Environmental Group.

Bolan, NS 2008, ‘Transformation and transport of pesticides 
in variable charge soils’, Invited keynote presentation, 
International Atomic Energy Agency Co-operative Research 
Program consultants meeting, 10-13 December 2008.

Bolan, NS, Ko, BG, Anderson, CWN & Vogeler, I 
2008, ‘Plenary/keynote address: Solute interactions 
in soils in relation to bioavailability and remediation 
of the environment’, 5th International Symposium of 
Interactions of Soil Minerals with Organic Components 
and Microorganisms. Journal of Soil Science and Plant 
Nutrition Special Issue 8 (3), 1-5. 1-3 December 2008.

Bolan, NS, Singh, J & Saggar, S 2008, ‘The role of
inhibitors in mitigating the loss of nitrogen in grazed 
pastures’, Invited keynote address, 12th International 
Conference on Integrated Diffuse Pollution Management 
(IWA DIPCON 2008), Research Center for Environmental 
and Hazardous Substance Management (EHSM), Khon 
Kaen University, Thailand, 25-29 August 2008.

Bolan, N, Szogi, A, Chuasavathi, T & Seshadri, B 2008, 
‘Keynote address: The uses and management of poultry 
litter’, in V Ravindran (ed.), Proceedings of NZ Poultry 
Industry Annual Conference, Palmerson  North 47-55, 7-9 
October 2008.

Bolan, N, Szogi, A, Seshadri B & Chuasavathi T 2008, 
‘Plenary presentation: The management of phosphorus 
in poultry litter’, in  V Ravindran (ed.), Proceedings of NZ 
Poultry Industry Annual Conference, Palmerson  North, 21-
31, 156-168, 7-9 October 2008.

Burton, ED, Bush, RT & Sullivan, LA 2008, ‘New insights 
into reductive iron-sulfur mineralisation processes in 
acid sulfate soil landscapes’. in C Lin, S Huang & Y Li 
(eds), Proceedings of the Joint Conference of the 6th 
International Acid Sulfate Soil Conference and the Acid 
Rock Drainage Symposium, 16–20 September 2008, 
Guangzhou China, (Guangdong Press Group), p. 259.

Burton, ED, Bush, RT & Sullivan, LA 2008, ‘The effect of 
tidal movements on sulfur cycling in mangrove sediments 
using stable isotopes’, in Proceedings of the 18th 
Annual V.M. Goldschmidt Conference, 13-18 July 2008, 
Vancouver, Canada (Geochemical Society and European 
Association for Geochemistry), p. 585.

Burton, ED, Bush, RT, Sullivan, LA, Hocking, RK 
& Mitchell, DRG 2008, ‘Unravelling the oxidative 
geochemistry of monosulfidic black ooze’, in C Lin, S 
Huang & Y Li (eds), Proceedings of the Joint Conference 
of the 6th International Acid Sulfate Soil Conference and 
the Acid Rock Drainage Symposium, 16–20 September 
2008, Guangzhou China, (Guangdong Press Group), pp. 
28-32.

Burton, ED, Johnston, SJ, Bush, RT, Sullivan, LA, Keene, 
AF & Watling, K 2009, ‘Iron sulfur biomineralisation and 
arsenic mobility in acid sulfate wetlands’, in Proceedings 
of the 19th Annual V.M. Goldschmidt Conference, 21-26 
June 2009, Davos Switzerland (Geochemical Society and 
European Association for Geochemistry). p. 179.

Bush, RT, Burton, ED, Sullivan, LA & Johnston, SJ 2008, 
‘Catalytic action of aqueous ferrous iron and sulfide on 
the transformation of iron oxides in acid sulfate soils’, 
in C Lin, S Huang & Y Li (eds), Proceedings of the Joint 
Conference of the 6th International Acid Sulfate Soil 
Conference and the Acid Rock Drainage Symposium, 
16–20 September 2008, Guangzhou China, (Guangdong 
Press Group), pp. 259-260.

Bush, RT, Johnston, SJ, Sullivan, LA, Burton, ED, Ahern, 
C, Powell, B, McElnea, A & Smith, D 2008, ‘Impacts of 
climate change and sea-level rise on  acid sulfate soils’, 
in C Lin, S Huang & Y Li (eds), Proceedings of the Joint 
Conference of the 6th International Acid Sulfate Soil 
Conference and the Acid Rock Drainage Symposium, 
16–20 September 2008, Guangzhou China, (Guangdong 
Press Group), p. 260.

Bush, RT, Johnston, SJ, Toppler, N, Hurst, P, Burton, 
ED, Sullivan, LA & Slavich, P 2008, ‘Managing 
floodplain drains to reduce acid export from acid 
sulfate soil backswamps’, in C Lin, S Huang & Y Li 
(eds), Proceedings of the Joint Conference of the 6th 
International Acid Sulfate Soil Conference and the Acid 
Rock Drainage Symposium, 16-20 September 2008, 
Guangzhou China, (Guangdong Press Group), p. 261.

Chong, SH, Pareek, V, Wang, S, Tade, MO & Ang, HM 
2008, ‘CFD simulation of a honeycombed monolith 
photoreactor’, 6th International Conference on CFD in 
Oil & Gas, Metallurgical and Process Industries (CD of 
proceedings), June 2008.

Claff, S, Sullivan, LA & Burton, ED 2008, ‘A six-step 
sequential extraction method for metal availability 
optimised for acid sulfate soil materials’, in C Lin, S Huang 
& Y Li (eds), Proceedings of the Joint Conference of the 
6th International Acid Sulfate Soil Conference and the 
Acid Rock Drainage Symposium, 16-20 September 2008, 
Guangzhou China, (Guangdong Press Group), p. 264.

Claff, S, Sullivan, LA & Burton, ED 2008, ‘Changes to 
metal availability following acid-sulfate soil oxidation’, 
in Proceedings of the 18th Annual V.M. Goldschmidt 
Conference, 13-18 July 2008, Vancouver, Canada 
(Geochemical Society and European Association for 
Geochemistry), p. 165.
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Haynes, RJ & Belyaeva, ON 2009, ‘Use of municipal green waste and 
coal fly ash as components of manufactured soil’, in Proceedings of 
the 2009 International Symposium on Environmental Science and 
Technology, Donghua University, Shanghai, China, 2-5 June.

Johnston, SJ, Bush, RT, Sullivan, LA, Burton, ED, Smith, D, Martens, 
MA, McElnea, A, Ahern, CR, Powell, B, Stephens, LP, Wilbraham, ST 
& van Heel, S 2008, ‘Improvements in water quality following restoring 
tidal exchange in an acidified, diked and drained estuarine catchment’, 
in C Lin, S Huang & Y Li (eds), Proceedings of the Joint Conference of 
the 6th International Acid Sulfate Soil Conference and the Acid Rock 
Drainage Symposium, 16–20 September 2008, Guangzhou China, 
(Guangdong Press Group), pp. 74-78.

Lewis, G, Smith, E & Juhasz, AL 2008, ‘Fate, dynamics and 
analysis of some pharmaceutically active antibiotic compounds 
(antibiotic phACs) in the soil environment’, SOILS 2008, 
Palmerston North, New Zealand, December 2008. 

Maher, C, Sullivan, LA & Burton, ED 2008, ‘The effect of tidal 
movements on sulfur cycling in mangrove sediments using stable 
isotopes’, in C Lin, S Huang & Y Li (eds), Proceedings of the Joint 
Conference of the 6th International Acid Sulfate Soil Conference and the 
Acid Rock Drainage Symposium, 16–20 September 2008, Guangzhou 
China, (Guangdong Press Group), pp. 288-289.

Martens, M, Ahern, C, Smith, D, McElnea, A, Wilbraham, S, Stephens, 
L, van Heel, S & Johnston, S 2008, ‘Re-turning the tide: Overview, 
concepts, and background to the acid sulfate soil remediation at East 
Trinity, Cairns, Australia’, in C Lin, S Huang & Y Li (eds), Proceedings 
of the Joint Conference of the 6th International Acid Sulfate Soil 
Conference and the Acid Rock Drainage Symposium, 16–20 September 
2008, Guangzhou China.  (Guangdong Press Group), pp. 132-136.

McKay, AR, Ng, JC & Whitehouse, MW 2009, ‘Toxicity Interactions 
between Arsenic, Cadmium and Aurocyanide in Euglena gracilis Strains 
Z and SMZ’, 1st Symposium on Trace Elements in Food and Health 
(STEFH-1), 21-22 May 2009, Brisbane. Queensland Health Forensic and 
Scientific Services, Royal Australian Chemical Institute, Qld Analytical 
and Environmental Group.

Ng, J 2009, ‘Studies of health effects caused by chronic arsenic 
exposure’, 1st Symposium on Trace Elements in Food and Health 
(STEFH-1), 21-22 May 2009, Brisbane. Queensland Health Forensic and 
Scientific Services, Royal Australian Chemical Institute, Qld Analytical 
and Environmental Group.

Prior, J, Partridge, EY, Plant, RA & Ison, N 2009, ‘Community 
experiences, perceptions of and attitudes to contaminated land and 
its remediation: an analysis of metropolitan and local newspapers in 
Australia’, EcoForum, Australian Technology Park, Sydney NSW, April 
2009.
 
Shukla, PR, Wang, S, Ang, HM & Tadé, M, ‘Synthesis of carbon-natural 
zeolite composite with controlled amount of carbon and evaluation of 
its adsorption properties’, Chemeca08 (CD of proceedings), September 
2008.

Sullivan, LA, Fitzpatrick, RW, Burton, ED, Bush, RT & Shand, P 2008, 
‘Assessing environmental hazards posed by acid sulfate soil materials 
and other inorganic sulfide-containing soil materials: classification 
issues’, in C Lin, S Huang & Y Li (eds), Proceedings of the Joint 
Conference of the 6th International Acid Sulfate Soil Conference and the 
Acid Rock Drainage Symposium, 16–20 September 2008, Guangzhou 
China, (Guangdong Press Group).

Wilson SC, Lisle, L & Megharaj, M 2008, ‘Organic amendment effects 
on the bioavailability of PAHs during bioremediation’, 2008 SETAC 5th 
World Congress, Sydney, 3-7 August.

MEDIA RELEASES

2009
CRC CARE 2009, Clean technologies to keep China growing, media 
release, Adelaide, 25 May.

CRC CARE 2009, Hard proof that clean-up works, media release, 
Adelaide, 19 March.

CRC CARE 2009, Clean-up offers billion dollar land value boost, media 
release, Adelaide, 4 January.

2008
CRC CARE 2008, Cleansing leaks from toxic tips, media release, 
Adelaide, 31 December.

CRC CARE 2008, Breakthrough in water safety, media release, 
Adelaide, 11 September.

CRC CARE 2008, Cleaning up fire foam’s toxic legacy, media release, 
Adelaide, 4 August. 

CRC CARE 2008, Bugs that eat cancer-causers, media release, 
Adelaide, 3 August.

TECHNICAL REPORTS 
(first published on the CRC CARE website in 2008-09)

Allinson, G 2007, Development of a modular, constructed wetland 
system for salt, organic and nutrients removal from dairy wastewaters, 
CRC CARE Technical Report no. 5, CRC for Contamination Assessment 
and Remediation of the Environment, Adelaide, Australia.

Clements, L, Palaia, T & Davis, D, 2009, Characterisation of sites 
impacted by petroleum hydrocarbons: National guideline document, 
CRC CARE Technical Report no. 11, CRC for Contamination 
Assessment and Remediation of the Environment, Adelaide, Australia.

Davis, GB, Merrick, N & McLaughlan, R 2006, Protocols and techniques 
for characterising sites with subsurface petroleum hydrocarbons – a 
review, CRC CARE Technical Report no. 2, CRC for Contamination 
Assessment and Remediation of the Environment, Adelaide, Australia.

Davis, GB, Trefry, MG & Patterson, BM 2009, Petroleum vapour model 
comparison, CRC CARE Technical Report no. 9, CRC for Contamination 
Assessment and Remediation of the Environment, Adelaide, Australia.

Friebel, E & Nadeabaum, P 2007, The development of HSLs for 
petroleum hydrocarbons – an issues paper, CRC CARE Technical 
Report no. 4, CRC for Contamination Assessment and Remediation of 
the Environment, Adelaide, Australia.

Lam, D & Moritz, P 2007, Technical impracticability of further 
remediation for LNAPL-impacted soils and aquifers, CRC CARE 
Technical Report no. 6, CRC for Contamination Assessment and 
Remediation of the Environment, Adelaide, Australia.

McLaughlan, RG, Merrick, NP & Davis, GB 2006, Natural attenuation: 
a scoping review, CRC CARE Technical Report no. 3, CRC for 
Contamination Assessment and Remediation of the Environment, 
Adelaide, Australia.

Tuczynowicz, L & Robinson, N 2008, Review of current international 
approaches to total petroleum hydrocarbon assessment, CRC CARE 
Technical Report no. 8, CRC for Contamination Assessment and 
Remediation of the Environment Pty Ltd, Adelaide, Australia.
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pRess

June/July 2009, Sustainability Mattters, p.23, ‘The mother 
of all oil spills’.

17 June 2009, The Australian, p. 34, ‘Sunflower solution 
to landfill’.

May 2009, Oil & Gas Gazette, p.31, ‘The mother of all oil 
spills’.

May 2009, Engineers Australia, p.47, ‘Field trial of 
remediation in Darwin’.

6 April 2009, Canberra Times, p.9, ‘Good oil on land 
leaks and spills’.

10 March 2009, The Advertiser, Adelaide, p.43, ‘Selling 
technology to tackle contamination’ (Business Journal 
section).

1 January 2009, Plumbing Connection, p.10, 
‘Breakthrough in water safety’.

6 November 2008, Sydney Morning Herald, p.24, 
‘Absolutely fabulous friend and foe’.

October 2008, Food Australia, p.464, ‘Avoiding toxic 
garden vegetables’.

October 2008, Water Engineering Australia, p.45, 
‘Breakthrough in water safety’.

October 2008, Australasian Science, p.5, ‘Native bacteria 
overcome arsenic pollution’.

tv

Channel 7 (Adelaide) 
Today Tonight - 23/03/2009 - 06:31 PM 
Paul Makin 
 
The controversy around the new proposed hospital. 
The government is also refusing to say the extent of the 
surface and ground water contamination after a century 
of use as railyards. Samples have shown it’s quite toxic 
and there’s a lot of it. Dr Ravi Naidu has set up specialist 
centre to deal with waste removal at the University of SA 
Mawson Lakes campus. Naidu says some contaminated 
sites can cost millions in remediation. John Hill insists 
it will be nowhere near that to clean up this site and it’s 
been included in the budget. The toxic ground water is 
another challenge. Sources say the government is down 
to a handful of contenders for the job. Some have been 
spooked when told they may have to pay for remediation 
on top of construction costs. © Media Monitors 2009 
Interviewees: Professor Mike Sandiford, University of 
Melbourne, School of Earth Sciences; Vickie Chapman, 
SA Oppn Health Spokesperson; Dr Jim Katsaros; 
Professor Andy Ball, Flinders University; Dr Ravi Naidu, 
World Authority on Remediation Techniques; Martin 
Hamilton-Smith, SA Opposition Leader 
Duration: 9:28 

Channel 10 (Adelaide) 
TEN News - 08/10/2008 - 05:34 PM 
George Donikian & Rebecca Morse  
 
Adelaide researchers have discovered a highly tolerant 
bacteria capable of destroying toxic chemicals linked to 
cancer. It could help authorities clean up contaminated 
sites. Researchers from SA’s Centre for Environmental 
Risk Assessment and Remediation say the chemicals are 
commonly found in sites contaminated by petroleum and 
oil spills. It is perfect to clean up the Adelaide Rail Yards, 
Port Stanvac oil refinery and Mitsubishi’s Tonsley Park 
Plant. The EPA says it has great potential. 
© Media Monitors 2008 
Interviewees: Megh Mallavarapu, Microbiologist 
Duration: 1:28 



80 Glossary

Glossary
 
ACIAR   Australian Centre for International Agricultural Research
ACLCA   Australian Contaminated Land Consultants Association
ARIC   Australian Remediation Industry Cluster
ASS   Acid sulfate soils
AF   Aqueous film-forming foam
AIP   Australian Institute of Petroleum
AM   Medal of Australia
ANZECC  The Australian and New Zealand Environment Conservation Council
AO   Order of Australia
Assoc. Prof.  Associate Professor
BHPBIO  BHP Billiton Iron Ore Pty Ltd
BOD   Biological oxygen demand
BOM   Bilirubin oxidative metabolites
CCWA  Chemistry Centre of Western Australia
CEO   Chief Executive Officer
CERAR   Centre for Environmental Risk Assessment and Remediation (UniSA)
Company  CRC CARE Pty Ltd
CRC   Cooperative Research Centre
CRC CARE  Cooperative Research Centre for Contamination Assessment and Remediation of the Environment
CSIRO  Commonwealth Scientific and Industrial Research Organisation
CTG   Capital Technic Group
CUT  Curtin University of Technology
DIISR  Department of Innovation Industry Science and Research
DoD   Australian Department of Defence
DDT   Dichloro-diphenyl-trichloroethene
EPA   Environment Protection Authority
ERM   Environmental Resources Management Pty Ltd
FB-SAM   Flux-based site assessment and management
FTE   Full time equivalent
GHD   GHD Pty Ltd
IP  Intellectual property
LNAPL   Light non-aqueous phase liquids
MD   Managing director
MOU   Memorandum of understanding
MSc   Master of Science
NA   Natural attenuation
NCSDP   National Contaminated Sites Demonstration Program
NEPM   National Environment Protection Measure
NZ   New Zealand
PAG   Policy Advisory Group
PAH   Polycyclic aromatic hydrocarbon
PFOS   Perfluoro-octane-sulfonamides
POP   Persistent organic pollutant
QDNRW  Queensland Department of Natural Resources and Water
SA   South Australia
SME   Small-to-medium enterprise
TCE   Trichloroethylene
TPH   Total petroleum hydrocarbons
UK   United Kingdom
UniSA   University of South Australia
UQ   University of Queensland
UTS   University of Technology, Sydney
VOC   Volatile organic compound
WA     Western Australia



81

A
N

N
U

A
L

 
R

E
P

O
R

T
 |

0
8

–
0

9

Financial Report

CRC CARE PTY LTD ACN 113 908 044

cOOpeRAtIve ReseARch ceNtRe
fOR cONtAMINAtION AssessMeNt ANd ReMedIAtION Of the eNvIRONMeNt

cONcIse AudIted fINANcIAl stAteMeNts
2008-2009

The Concise Audited Financial Statements are an extract from the Audited Financial Statements. The 
financial statements and specific disclosures included in the Concise Audited Financial Statements have 
been derived from the Audited Financial Statements.

The Concise Audited Financial Statements cannot be expected to provide as full an understanding of the 
financial performance, financial position and financing and investing activities of the entity as the Audited 
Financial Statements. Further financial information can be obtained from Audited Financial Statements.

The Audited Financial Statements are available, free of charge, on request to the entity.
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Report of the Board of Directors 
for the year ended 30 June 2009

In respect of the financial year ended 30 June 2009, the Directors of the Company submit the following report made out in 
accordance with a resolution of the Board of Directors:

1. bOARd Of dIRectORs

The following persons were Directors of Cooperative Research Centre for Contamination Assessment and Remediation of the 
Environment (CRC CARE) Pty Ltd during the financial year and at the date of this report:

Prof Paul J Perkins AM (Chairman)
Prof Ravi Naidu (Managing Director)
Prof Max Brennan AO
Prof Ian Davey
Dr Rod Lukatelich
Dr Paul Vogel
Ms Susan Smith
Mr Mark Hender
Mr Charles Wong, appointed 12 November 2008

2. pRINcIpAl ActIvItIes Of the cOMpANY 

The Company is domiciled in Australia. Its registered office and principal place of business is:
Building X
University of South Australia
MAWSON LAKES  SA  5095

The Company was incorporated to manage and govern the CRC CARE (“the Centre”).

The objective of the Centre is to promote research and post-graduate education for the development, commercialisation and 
extension of advanced technologies and methods for:

a)  assessing contamination risks to land, groundwater and air 
b)  managing and/or remediating contamination 
c)  developing safe options for land use and the reuse of wastes on land 
d)  developing solutions that are acceptable to regulatory agencies and the public, and 
e)  capacity building. 

3. dIvIdeNds

There were no dividends declared or paid to shareholders during the year ended 30 June 2009.

4. tRAdINg Results

The net profit, after tax, of the consolidated entity for the period was $Nil (2008: $Nil).

5. RevIew Of OpeRAtIONs 

Details on significant aspects of the operations of CRC CARE can be referenced in the Annual Report sent to all Participants 
contributing funding to the Company.
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6. sIgNIfIcANt chANges IN the stAte Of AffAIRs

During the period the Company received cash contributions of $11.92M (2008: $10.00M) and in-kind 
contributions of $7.91M (2008: $7.56M).

The Company budgeted Research Projects and Scholarships for cash expenditure of $33.3M (2008: 
$39.0M) and in-kind expenditure of $18.2M (2008: $16.9M) over a three year period.

The Participants have agreed to a proposal to vary an agreement with the Commonwealth that includes 
new admissions to address the shortfalls from the earlier withdrawal of Sensoron Corporation Pty Ltd, 
Exnox Technologies Ltd and Agriculture Victoria Services Pty Ltd.  All actions underway to recoup the 
outstanding contributions from Exnox Technologies Ltd reported in the 2007-08 statement have ceased 
as a result of this company being liquidated after being placed in the hands of an administrator on 21 
November 2008.

Under the terms of the agreement with the Commonwealth, the shortfalls from withdrawn participants 
represent events of default.  In these circumstances, the Commonwealth is entitled to require, by written 
notice, the Company and/or the Shareholders to rectify the defaults.

The variation was submitted to the Commonwealth in May 2009. The items of significance are:

■ The recognition of $2,981,000 of cash contributions by third parties (Mobil Refining Australia Pty Ltd, 
The State of Queensland as represented by the Department of Natural Resources and Water and the 
Commonwealth of Australia as represented and acting through the Department of the Prime Minister 
and Cabinet).

■ A reduction in the Commonwealth Agreement’s requirement for contributions of “Other Firm Cash” 
over the life of the Centre from $8.6 million to $967,000.

■ A change in contributions by current Participants being:
 
 Agilent Technologies: Reduction in cash contributions from $140,000 to $60,000 with the reduction 

being made up by Agilent through additional in-kind contributions to the value of $80,000.

Department of Defence: Additional cash contribution of $2,882,000.  

Curtin University of Technology: Additional cash contribution of $350,000.

The Department of Environment WA: Additional cash contribution of $652,000.  

■ The change in participating companies by the Coffey group with Coffey Environments Pty Ltd 
replacing Coffey Geosciences Pty Ltd and IT Environmental Pty Ltd. Contributions by Coffey 
Environments Pty Ltd match the combined contributions of the two exiting entities.

■ The admission of new:

a) Core Participants - James Cook University from 1 July 2008 to 30 June 2012 and Chevron   
 Australia Pty Ltd from 1 July 2009 to 30 June 2012, and

b) Supporting Participants - FibreCell Australia Pty Ltd from 1 July 2008 to 30 June 2012, and BHP  
 Billiton Iron Ore Pty Ltd from 1 July 2008 to 30 June 2011.

 
The request for changes as above has been accepted by the Commonwealth and a Deed of Variation 
effecting these changes will be executed in 2009-2010.
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7. MAtteRs subsequeNt tO the eNd Of the fINANcIAl YeAR

At 30 June 2009 outstanding cash funds from shareholders and supporting participants were $0.58M (2008: $0.95M), and in-kind 
contributions totalled $1.9M (2008: $4.6M) valued in accordance with the terms of the agreement with the Commonwealth.

Since balance date the Company has received overdue cash payment contributions of $0.511M (2008: $0.927M). The remaining 
amount of $0.069M (2008: $0.023M) relates to contributions committed by FibreCell Australia Pty Ltd $0.044M (2008: $nil) and 
contributions committed by Capital Technic Group Pty Ltd $0.025M (2008: $0.023M) and should be received during the current 
year.

8. lIkelY develOpMeNts ANd expected Results Of OpeRAtIONs

The Directors believe that it is reasonable to expect that the Centre’s research program will not be disadvantaged by the changes 
resulting from the Deed of Variation (the Deed) to be executed in 2009-2010 and the CRC remains on track to meet its objectives 
and deliver its planned outcomes as described in the Deed.

Further information on likely developments in the operations of the Company and the expected result of operations is available in the 
Annual Report of the Company.

9. eNvIRONMeNtAl RegulAtION

The consolidated entity is subject to significant environmental regulation relating to the testing of contaminated sites and the 
formulation of proposals for the remediation of contamination in the environment.

Personnel of the consolidated entity and entities providing research services to the Company are required to conform to site specific 
Environmental Health and Safety plans when entering and working on contaminated sites.

10. INsuRANce Of OffIceRs

During the financial period, the Company paid a premium of $12,888 (2008: $12,857) to insure the Directors and Secretary of the 
Company.

The liabilities insured are legal costs that may be incurred in defending civil or criminal proceedings that may be brought against 
the officers in their capacity as officers of the Company, and any other payments arising from liabilities incurred by the officers in 
connection with such proceedings. This does not include such liabilities that arise from conduct involving a wilful breach of duty by 
the officers or the improper use by the officers of their position or of information to gain advantage for them or someone else or to 
cause detriment to the company. It is not possible to apportion the premium between amounts relating to the insurance against 
legal costs and those relating to other liabilities.

11. AudItORs’ INdepeNdeNce declARAtION 

A copy of the auditors’ independence declaration as required under section 307C of the Corporations Act 2001 is set out on 
page 85.

This report is made in accordance with a resolution of the Board of Directors.

For and on behalf of the Board of Directors

Prof. Paul J Perkins AM
CHAIRMAN
Dated: 15 September 2009

Prof. Ravi Naidu
MANAGING DIRECTOR
Dated: 15 September 2009
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Liability limited by a scheme approved under Professional Standards Legislation

PricewaterhouseCoopers
ABN 52 780 433 757

91 King William Street
ADELAIDE SA 5000
GPO Box 418
ADELAIDE SA 5001
DX 77 Adelaide
Australia
www.pwc.com/au
Telephone +61 8 8218 7000
Facsimile +61 8 8218 7999

Auditor’s Independence Declaration

As lead auditor for the audit of CRC CARE Pty Ltd for the year ended
30 June 2009, I declare that to the best of my knowledge and belief,
there have been:

a) no contraventions of the auditor independence requirements of the Corporations Act
2001 in relation to the audit; and

b) no contraventions of any applicable code of professional conduct in relation to the
audit.

This declaration is in respect of CRC CARE Pty Ltd during the period.

AG Forman Adelaide
Partner 15 September 2009
PricewaterhouseCoopers
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Income statement 
for the period ended 30 June 2009
 The Company

 Notes 2009 2008

  $ $

Revenue

Allocated revenue 20,883,479 16,267,549

   

Expenses   

Advertising 432 10,039

Consultants fees 109,939 136,309

Depreciation 5,224 6,966

Employee benefits expense 872,203 808,230

Finance costs 8,320 970

IT expenses 66,871 40,215

Legal expenses 65,649 44,622

Recruitment 62,563 36,538

Research expenditure – cash 10,896,121 6,653,298

Research expenditure – in-kind 7,908,017 7,561,075

Travel 261,453 257,664

Other 626,687 711,622

Total expenses 20,883,479 16,267,549

   

Income tax expense - -

   

Net profit/(loss) attributable to members of CRC CARE - -

   

Accumulated profit at the beginning of the financial year - -

   

Accumulated profit at the end of the financial year - -



Balance sheet 
for the period ended 30 June 2009
 The Company

  Notes 2009 2008

  $ $ 

CURRENT ASSETS   

Cash and cash equivalents 6,427,632 7,591,444

Receivables 623,332 952,421

Other  1,039,020 271,429

Total current assets 8,089,984 8,815,294

   

NON CURRENT ASSETS   

Property, plant and equipment - 14,802

Investments - -

Total non-current assets - 14,802

   

TOTAL ASSETS 8,089,984 8,830,095

   

CURRENT LIABILITIES   

Payables 198,695 253,036

Provisions 56,362 23,303

Accrued expenses 2,350,738 2,104,811

Deferred revenue 5,359,178 6,198,934

Total current liabilities 7,964,973 8,580,084

   

NON-CURRENT LIABILITIES   

Deferred revenue 125,000 250,000

Total non-current liabilities 125,000 250,000

   

TOTAL LIABILITIES 8,089,973 8,830,084

   

NET ASSETS 11 11

EQUITY

Contributed equity 11 11

TOTAL EQUITY 11 11
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Statement of cash flows
for the year ended 30 June 2009
  The Company

 Notes 2009 2008

  $ $

CASH FLOWS FROM OPERATING ACTIVITIES   

Cash contributions received from the Commonwealth  5,250,000 5,250,000

Cash contributions received from all participants  6,668,873 4,754,820

Training course fees  48,344 49,930

Testing revenue  1,200 26,750

Other  1,358 532

Payments to suppliers and employees  (13,215,372) (8,656,307)

Payments of GST and Group Tax  (1,156,642) (718,619)

Receipt of GST  855,359 742,875

Tax paid  (18,548) (26,973)

Net cash flows from operating activities  (1,565,429) 1,423,008

   

CASH FLOWS FROM INVESTING ACTIVITIES   

Payments for property, plant and equipment  - -

Interest received  401,617 367,438

Proceeds from sale of property, plant and equipment  - -

Net cash flows from investing activities  401,617 367,438

   

CASH FLOWS FROM FINANCING ACTIVITIES   

Proceeds from issue of shares  - -

Net cash flows from financing activities  - -

Net increase/(decrease) in cash held  (1,163,812) 1,790,447

Cash at beginning of financial year  7,591,444 5,800,997

CASH AT END OF FINANCIAL YEAR  6,427,632 7,591,444

   



Notes to the financial statements 
for the period ended 30 June 2009
 The Company

   2009 2008

   $ $

1.  REVENUE

Allocated contributions from Participants – cash  12,301,614 7,626,872

Allocated contributions from Third Parties – cash  221,329 632,531

Allocated contributions from Participants – in-kind 6,969,082 6,997,595

Allocated contributions from Third Parties – in-kind 938,935 563,480

Interest received or due and receivable  401,617 367,438

Training fees  48,344 49,930

Testing revenue  1,200 29,170

Other income  1,358 532

Total   20,883,479 16,267,549

   
For discussion and analysis of the financial statements, please refer to the Report of the Board of Directors 
and the CRC CARE 2008-09 Annual Report accompanying these Concise Audited Financial Statements.
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Statement of changes in equity 
for the period ended 30 June 2009

 The Company

  2009 2008

  $ $

EQUITY

Total equity at the beginning of the financial year  11 15

Net profit for the year  - -

Parent entity withdrawal  - (4)

Contributions of equity, net of transaction costs  - -

Total equity at the end of the financial year  11 11
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Board of Directors Declaration
In accordance with a resolution of the Board of Directors of the Company, the Directors declare that in their opinion the Concise 
Audited Financial Statements comply with Accounting Standard AASB 1039; Concise Financial Reports and that:

(a) the Concise Audited Financial Statements are an extract from the Audited Financial Statements

(b) the financial statements and specific disclosures included in the Concise Audited Financial Statements have been derived  
 from the Audited Financial Statements

(c) the Concise Audited Financial Statements cannot be expected to provide as full an understanding of the financial   
 performance, financial position and financing and investing activities of the entity as the Audited Financial Statements

(d) further financial information can be obtained from Audited Financial Statements, and 

(e) the Audited Financial Statements are available, free of charge, on request to the entity.

For and on behalf of the Board of Directors

Prof. Paul J Perkins AM
CHAIRMAN
Dated: 15 September 2009

Prof. Ravi Naidu
MANAGING DIRECTOR
Dated: 15 September 2009
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Liability limited by a scheme approved under Professional Standards Legislation

PricewaterhouseCoopers
ABN 52 780 433 757

91 King William Street
ADELAIDE SA 5000
GPO Box 418
ADELAIDE SA 5001
DX 77 Adelaide
Australia
www.pwc.com/au
Telephone +61 8 8218 7000
Facsimile +61 8 8218 7999

Independent auditor’s report to the members of
CRC CARE Pty Ltd

Report on the concise financial report

The accompanying concise financial report of CRC CARE Pty Ltd comprises the balance
sheet as at 30 June 2009, the income statement, statement of changes in equity and
statement of cash flows for the year then ended and related notes, derived from the
audited financial report of CRC CARE Pty Ltd for the year ended 30 June 2009. The
concise financial report does not contain all the disclosures required by the Australian
Accounting Standards.

Directors’ responsibility for the concise financial report

The directors are responsible for the preparation and presentation of the concise financial
report in accordance with Accounting Standard AASB 1039 Concise Financial Reports,
and the Corporations Act 2001. This responsibility includes establishing and maintaining
internal control relevant to the preparation of the concise financial report; selecting and
applying appropriate accounting policies; and making accounting estimates that are
reasonable in the circumstances.

Auditor’s responsibility

Our responsibility is to express an opinion on the concise financial report based on our
audit procedures. We have conducted an independent audit, in accordance with
Australian Auditing Standards, of the financial report of CRC CARE Pty Ltd for the year
ended 30 June 2009. Our audit report on the financial report for the year was signed on
15th September 2009 and was not subject to any modification. The Australian Auditing
Standards require that we comply with relevant ethical requirements relating to audit
engagements and plan and perform the audit to obtain reasonable assurance whether the
financial report for the year is free from material misstatement.

Our procedures in respect of the concise financial report included testing that the
information in the concise financial report is derived from, and is consistent with, the
financial report for the year, and examination on a test basis, of evidence supporting the
amounts and other disclosures which were not directly derived from the financial report for
the year. These procedures have been undertaken to form an opinion whether, in all
material respects, the concise financial report complies with Accounting Standard AASB
1039 Concise Financial Reports.

Our procedures include reading the information in the Directors Report to determine
whether it contains any material inconsistencies with the concise financial report.

Our audit did not involve an analysis of the prudence of business decisions made by
directors or management.
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Independent auditor’s report to the members of
CRC CARE Pty Ltd (continued)

2

We believe that the audit evidence we have obtained is sufficient and appropriate to
provide a basis for our audit opinions.

Independence

In conducting our audit, we have complied with the independence requirements of the
Corporations Act 2001.

Auditor’s opinion on the concise financial report

In our opinion, the concise financial report of CRC CARE Pty Ltd for the year ended 30
June 2009 complies with Australian Accounting Standard AASB 1039: Concise Financial
Reports.

PricewaterhouseCoopers

AG Forman Adelaide
Partner 15 September 2009



CRC CARE Partners 2008-09
Agilent Technologies Australia Pty Ltd

Alcoa World Alumina Australia

Australian Institute of Petroleum Ltd

BHP Billiton Iron Ore Pty Ltd

Capital Technic Group Pty Ltd

Chemistry Centre (WA)

CH2MHill Australia Pty Ltd

Coffey Environments Pty Ltd

Curtin University of Technology

Department of Defence

Department of Environment and Conservation (WA)

Environment Protection Authority (SA)

Environment Protection Authority (Victoria)

FibreCell Australia Pty Ltd

GHD Pty Ltd

HLM Asia Group Ltd

James Cook University 

Southern Cross University

Technological Resources Pty Ltd (Rio Tinto)

The University of Queensland

The University of South Australia

University of Technology, Sydney

Victorian Urban Development Authority (VicUrban)

Worsley Alumina Pty Ltd

CRC CARE is a partnership of organisations dedicated to 
developing new ways of dealing with and preventing contamination 
of soil, water and air including solid and liquid waste management.

Our aim is to focus australia’s foremost expertise and resources on this 
issue and to develop close links with research partners at the cutting edge 
in this field around the world.

Our goals
■  SolutionS foR induStRy

To develop cost-effective and commercially sustainable solutions and technologies 

within regulatory and policy frameworks for the identification and remediation of 

contamination problems of key importance to australia and the asia-Pacific region

■  HigH quAlity RESEARCH 

To deliver research quality that positions CRC CaRe as a national centre of 

excellence with international standing and reputation, ensuring our outcomes 

are recognised and utilised globally

■  dEvElop tHE buSinESS

To lead the development of a new export industry in environmental 

risk assessment and remediation through the delivery of solutions 

and technologies, and support their implementation with training 

programs that develop and improve the environmental 

management skills of the industry’s labour force

■  dElivER publiC bEnEfitS

To ensure the effective adoption of our solutions and 

technologies, leading to health, environmental and economic 

benefits to the Australian public through reduced exposure 

to toxic contaminants and improved amenity of our cities 

as a result of cost-effective remediation/management of 

urban land

■  CApACity building

Through university and short-term training, 

educate a generation of researchers and 

practitioners highly skilled at solving and 

preventing the problems of contamination, 

soild and liquid waste management and create 

employment opportunities in the industry for 

these specialists.
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Tel:  +61 (0) 8 8302 5038
Fax:  +61 (0) 8 8302 3124
Email: admin@crccare.com
Web: www.crccare.com 

CRC CaRe Pty Ltd
University of South australia
Mawson Lakes
South australia 5095

P.O. Box 486
Salisbury South
Sa 5106
australia

established and supported 
under the australian Government’s 
Cooperative Research Centres Programme

Cooperative Research Centre for Contamination 
Assessment & Remediation of the Environment


